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shortest  time  and  in  the  most  direct  manner  possible. 
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iv  PREFACE. 

plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensuration, 
and  in  no  case  is  any  greater  knowledge  of  mathematics  needed 
than  the  simplest  elementary  principles  of  algebra,  geometry, 
and  trigonometry,  with  a  thorough,  practical  acquaintance  with 
the  use  of  the  logarithmic  table.  To  effect  this  result,  deriva- 
tions of  rules  and  formulas  are  omitted,  but  thorough  and 
complete  instructions  are  given  regarding  how,  when,  and 
under  what  circumstances  any  particular  rule,  formula,  or 
process  should  be  applied;  and  whenever  possible  one  or  more 
examples,  such  as  would  be  likely  to  arise  in  actual  practice — 
together  with  their  solutions — are  given  to  illustrate  and  explain 
its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  iand  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due  to 
faulty  rhetoric  and  those  due  to  insufficiency  of  statement  or 
explanation.  As  the  best  way  to  make  a  statement,  explana- 
tion, or  description  clear  is  to  give  a  picture  or  a  diagram  in 
connection  with  it,  illustrations  have  been  used  almost  without 
limit.  The  illustrations  have  in  all  cases  been  adapted  to 
the  requirements  of  the  text,  and  projections,  and  sections  or 
outline,  partially  shaded,  or  full-shaded  perspectives,  have  been 
used,  according  to  which  will  best  produce  the  desired  results. 
Half-tones  have  been  used  rather  sparingly,  except  in  those 
cases  where  the  general  effect  is  desired  rather  than  the 
actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  mentioned 
must  not  only  be  clear  and  concise  beyond  anything  heretofore 
attempted,  but  they  must  also  possess  unequalled  value  for 
reference  purposes.  They  not  only  give  the  maximum  of 
information  in  a  minimum  space,  but  this  information  is  so 
ingeniously  arranged  and  correlated,  and  the  indexes  are  so  full 
and  complete,  that  it  can  at  once  be  made  available  to  the 
reader.     The  numerous  examples  and   explanatory  remarks, 
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together  with  the  absence  of  long  demonstrations  and  abstruse 
mathematical  calculations,  are  of  great  assistance  in  helping  one 
to  select  the  proper  formula,  method,  or  process  and  in  teaching 
him  how  and  when  it  should  be  used. 

The  present  volume  is  devoted  to  the  construction,  operation, 
and  operating  of  locomotives  and  locomotive  appliances,  consid- 
ered from  the  standpoint  of  the  men  who  handle  them  rather 
than  from  that  of  the  designer.  It  consists  of  an  exhaustive 
treatise  on  all  types  and  classes  of  locomotives  and  locomotive 
appliances  in  regular  service,  including  both  the  most  modem 
and  the  more  numerous  older  types.  There  is  also  a  very 
thorough  and  complete  discussion  on  the  handling,  care,  and 
management  of  locomotives  and  of  locomotive  appliances,  with 
special  reference  to  breakdowns  and  running  repairs,  each  sub- 
ject being  treated  in  a  concise  but  complete  manner.  The  work 
will  commend  itself  to  all  who  are  interested  in  the  locomotive 
and  in  locomotive  running,  and  prove  of  invaluable  assistance 
to  enginemen. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 

such  that  each  subject  or  part,  when  the  subject  is  divided  into 

two  or  more  parts,  is  complete  in  itself;  hence,  in  order  to  make 

the  index  intelligible,  it  was  necessary  to  give  each  subject  or 

part  a  number.    This  number  is  placed  at  the  top  of  each  page, 

on  the  headline,  opposite  the  page  number;  and  to  distinguish 

it  from  the  page  number  it  is  preceded  by  the  printer's  section 

mark  (§).     Consequently,  a  reference  such  as  §  16,  page  26, 

will  be  readily  found   by  looking  along  the  inside  edges  of 

the  headlines  until  §  16  is  found,  and  th^i  through  §  16  until 

page  26  is  found. 
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Locomotive  Boilers 


(PART  1.) 


TYPES  OF  BOILERS. 

1.  The  locomotive  may  be  regarded  as  consisting  of  three 
parts:  the  apparatus  for  generating  the  steam  (the  boiler); 
the  mechanism  for  utilizing  the  steam  (the  engine  proper);  and 
the  wheels,  frames,  and  springs,  which  constitute  a  carriage  or 
vehicle  to  enable  the  whole  to  move  from  place  to  place. 

For  the  present,  the  first  of  these  parts,  namely,  the  boiler, 
will  be  dealt  with. 

2.  Locomotive  boilers  all  belong  to  the  horizontal  multi- 
tubular class,  with  internal  firebox.  At  the  present  time,  how- 
ever, there  are  five  types  of  locomotive  boilers  in  general  use: 
the  straight'topj  the  Belpaire,  the  wagon-top,  the  extended  wagon- 
top,  and  the  wide-firehox.  Each  type  has  especial  advantages, 
depending  on  the  service,  character  of  fuel,  and  water  used. 

3.  Stralglit-Top  Boiler. — Fig.  1  shows  a  boiler  of  this 
type,  having  a  shallow  firebox,  with  its  crown  sheet  stayed  by 
crown  bars,  (a)  being  a  longitudinal  section  through  the  cen- 
ter of  the  boiler,  and  (6)  a  cross- section  and  back-end  view  of 
the  firebox.  The  crown  bars  r  support  the  crown  sheet  (7, 
while  the  diagonal  stays  e  support  the  back  boiler  head  B  and 
front  tube-sheet  F.  The  tubes  i^"  extend  between  the  front 
and  back  tube-sheets  F  and  jP',  and  in  this  type  of  boiler,  as 
shown  in  Fig.  1,  the  barrel  IF  containing  the  tubes  is  the  shape 
of  a  telescope,  each  ring  being  inside  of  the  one  next  back  of  it. 
With  a  straight  boiler  the  successive  rings  of  the  shell  are  alter- 
nately inside  and  outside,  so  that  the  ring  next  to  the  smoke 

For  notice  c(f  copyright,  tee  page  immediately /(Mowing  the  tide  page. 

26 


LOCOMOTIVE  BOILERS.  §5 


arch  is  the  same  size  as  the  one  next  to  the  throat  sheet,  and  is 
connected  directly  to  the  main  shell  M  of  the  firebox;  the  other 
end  has  fastened  to  it  the  smokebox  S  and  extension  front  E. 
A  is  the  firebox,  which  is  surrounded  with  water  on  the  four 
sides  and  on  the  top.  The  firebox  and  the  boiler  sheets  are 
riveted  at  the  bottom  to  the  mud-ring  m,  which  forms  the  bot- 
tom of  the  water  legs  Z,  L  D  is  the  dome  of  the  boiler;  d,  the 
firebox  door.  The  flat  ends  of  the  stays  e  are  riveted  to 
the  outer  shell  of  the  boiler;  the  rivets  are  not  shown  here. 
The  crown  bars  are  connected  to  the  outer  shell  by  means  of 
the  sling  stays  shown  in  the  figure. 

4.  Belpaire  Boiler. — A  Belpalre  boiler  with  extension 
front  E  is  shown  in  Fig.  2.  This  construction  was  adopted  to 
have  the  crown  sheet  and  top  of  the  shell  parallel,  and  thus 
have  the  stay  bolta  at  right  angles  to  the  sheets.  It  also 
adds  considerable  steam  space  to  the  boiler.  In  this  type,  both 
the  crown  sheet  C  and  the  main  shell  M  are  made  flat,  as  shown 
in  (6).  These  two  sheets  are  stayed  by  means  of  the  stays  r, 
which  are  at  right  angles  to  both  sheets,  while  the  sides,  which 
are  also  flat,  are  stayed  with  rods  t  Gusset  stays  g  support  the 
back  boiler  head  B^  while  the  front  tube-sheet  F  is  supported 
by  the  stayrods  e.  In  this  boiler,  as  in  the  straight-top  boiler, 
D  is  the  dome;  d^  the  firebox  door;  A^  the  firebox;  /,  i,  the 
water  legs;  5',  the  smokebox;  and  TT,  the  barrel,  or  waist,  of 
the  boiler.  The  same  letters  will  be  used  to  designate  these 
parts  in  the  various  types  of  boilers,  regardless  of  differences 
of  construction. 

5.  Wagron-Top  Boiler. — This  type  of  boiler,  shown  in 
Fig.  3,  has  the  shell  over  the  crown  sheet  much  higher  than  the 
cylindrical  part  of  the  boiler.  This  larger  part  tapers  off,  as 
shown,  to  its  junction  with  the  shell  ahead  of  the  throat  sheet. 
The  dome  is  located  over  the  firebox,  which  requires  that  the 
crown  sheet  be  supported  by  crown  bars. 

6.  Extended  Waa:on-Top  Boiler. — A  boiler  of  this 
type  is  shown  in  Fig.  4,  (a)  being  a  longitudinal  section  and 
(6)  a  cross-section  and  back-end  view  of  the  firebox.     The 
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crown  sheet  C  is  supported  by  the  radial  stays  r,  and  the 
back  boiler  head  B  and  the  front  tube-sheet  F  by  the  stayrods  e. 
The  tubes  T  support  the  firebrick  arch  and  add  to  the  heating 
surface,  as  well  as  giving  better  circulation  of  water  into  the 
1^  of  the  boiler.  As  seen  in  the  illustration,  this  type  of 
boiler  has  the  main  shell  M  elevated  above  the  waist  or  cylin- 
drical part  W^  to  which  it  is  connected  by  means  of  the  slope 
sheet  a  b.  The  object  of  this  construction  is  to  increase  the 
steam  space  and  provide  space  ahead  of  the  crown  sheet  for 
the  dome. 

7.  Tlie  Wide-Firebox  Boiler. — In  addition  to  the  fore- 
going four  types  of  boilers,  there  is  another,  called  the  Tvlde- 
flrebox  boiler.  This  is  similar  to  the  Wootten  boiler,  from 
which  it  differs  chiefly  in  having  no  brick  bridge  extending 
across  the  front  end  of  the  firebox  and  no  combustion  chamber. 

This  type  is  used  in  and  around  anthracite  coal-mining 
r^ons,  being  adapted  for  burning  fine  hard  coal,  and  cidm, 
the  refuse  from  the  mines.  It  is  illustrated  in  Fig.  5,  (a)  being 
a  longitudinal  section  through  the  boiler  and  (6)  a  cross- 
section  and  back-end  view  of  the  firebox. 

The  firebox  is  made  as  long  as  practicable,  its  length  being 
limited  by  the  distance  a  fireman  can  shovel  coal  with  accuracy. 
It  is  made  comparatively  shallow,  as  it  is  placed  above  the 
frames,  and  must  extend  over  the  rear  driving  axle.  It  is 
made  much  wider  than  the  ordinary  firebox,  being  from  8  to  9 
feet  wide.  This  construction  gives  a  much  larger  grate  area 
than  usual,  so  as  to  permit  a  slower  rate  of  combustion.  It  is 
especially  important  that  the  draft  through  the  fire  shall  be 
light,  as  otherwise  the  small  fuel  used  will  be  drawn  into  the 
tubes  without  being  burned.  On  account  of  the  great  width 
of  the  firebox,  it  is  necessary  to  have  either  two  fire-doors  or 
one  that  opens  wide  and  has  two  doors. 

This  type  of  boiler  has  been  very  successful  as  an  anthracite- 
culm  and  fine-coal  burner,  and  a  great  number  are  now  in  use 
on  different  roads.  They  have  not  been  very  successful  as 
bituminous-coal  burners;  the  grates  are  so  close  to  the  crown 
sheet  that  there  is  an  insufiicient  volume  above  the  fire  for 
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proper  combuBtion;  also  on  account  of  the  extensive  and  fre- 
quent firebox  repairs  necessary  when  soft  coal  is  used.  How- 
ever, a  mixture  of  1  part  of  soft  coal  to  4  parts  of  fine  hard  coal 
is  now  being  used  on  a  number  of  roads  with  good  results. 


CONSTRUCTION  OF  BOILEBS. 

8.  The  principal  parts  of  a  locomotive  boiler  (see  Figs.  1  to  5) 
are:  the  firebox  A;  the  smokebox  S;  the  tubes  F^'y  which 
extend  through  the  cylindrical  part  (the  barrel  or  waist)  of  the 
boiler  and  connect  the  firebox  with  the  smokebox;  and  the 
shell  of  the  boiler.  The  latter  consists  of  the  main  shell  M  and 
the  waist  W.  

THE    FIREBOX. 

9.  General  Description. — The  locomotive  firebox,  as  in 
Fig.  4,  consists  of  the  back  sheet  6,  two  side  sheets/,  the  back 
tubcHsheet  F'  forming  its  front,  the  crown  sheet  Con  top,  and 
the  grates  G  at  the  bottom.  The  sheets  of  the  firebox  are  usually 
of  steel,  although  copper  sheets  have  occasionally  been  used. 

Between  the  frames,  the  firebox  is  rectangular  in  form,  while, 
above  them,  the  side  sheets  conform  more  or  less  to  the  shape 
of  the  boiler  shell.  It  varies  from  32  to  42  inches  in  width, 
and  from  70  to  120  inches  in  length,  according  to  the  type  and 
size  of  engine.  In  wide-firebox  engines,  the  box  is  from  8  to  9 
feet  wide  and  10  to  11  feet  long.  The  sheets  of  the  firebox  are 
surrounded  with  water,  being  separated  on  all  sides  from  the 
main  shell  by  a  space  I,  called  the  Tvater  leg:,  this  space 
ranging  from  3  to  4J  inches.  The  bottom  of  the  water  leg  is 
formed  by  a  wrought-iron  ring  m,  called  the  mud- ring,  to  which 
the  sheets  are  riveted,  the  rivets  passing  through  both  sheets 
and  the  ring  and  being  headed  over  on  the  outside.  Below 
the  grate  bars  0,  which  form  the  bottom  of  the  firebox,  is  the 
ash-pan  P;  this  is  furnished  with  two  dampers,  d'  and  d"  for 
regulating  the  admission  of  air  through  the  grates  to  the  firebox. 

10.  Water  I^egs.— These,  marked  Z,  I  in  Figs.  1  to  6,  are 
part  of  the  water  space  of  the  boiler  and,  consequently,  are 
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subjected  to  a  pressure  equal  to  that  of  the  steam  plus  that  due 
to  the  bead  of  n-ater  in  the  boiler.  The  legs,  therefore,  are 
subjected  to  a  slightly  greater  internal  pressure  than  any  other 
part  of  the  boiler.  This  pressure  tends  to  force  the  aides  and 
end  sheets  of  the  firebox  inwards  and  those  of  the  outer  shell 
outwards,  while  the  tendency  of  the  pressure  above  the  crown 
sheet  is  to  bulge  it  downwards.  Sudden  expansion  and  con- 
traction of  the  firebox  sheets  also  subjects  them  to  severe 
strains,  and,  for  this  reason,  the  temperature  of  the  firebox 
should  never  be  allowed  to  vary  suddenly. 

11.  Staybolts. — To  enable  the  firebox  sheets  to  withstand 
the  strains  to  which  they  are  subjected,  they  are  fastened  to  the 
main  shell  by  means   of  staybolta  a.  Fig.  2  (6).     These  are 


generally  made  of  wrought  iron,  5  t"  1  "i^h  in  diameter,  and 
spaced  from  4  to  4J  inches  apart  In  some  cases,  they  are 
threaded  their  whole  length,  as  in  Fig.  6  (a).  They  are  screwed 
right  through  the  outer  and  inner  sheets,  and  the  ends  cold- 
riveted.     The  rule  is  to  space  the  staybollB  at  such  distances 


Fia.  «  (b). 
apart  that  the  greatest  stress  to  which  they  will  be  subjected  is 
not  more  than  6,000  pounds  per  square  inch  of  cross- section. 
Staybolts  very  frequently  break,  owing  to  unequal  expansion 
and  contraction  of  the  plates,  and  bulged  or  crooked  sheets  are 
liable  to  result  if  the  broken  staybolts  are  not  discovered  and 
replaced.      Broken  staybolts    are    generally   detected   by   the 
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hammer  Ud  (i.  e.,  sounding  with  a  hammer),  but  it  is  some- 
times very  difficult  to  discover  the  partially  broken  ones  by 
this  means,  and,  as  they  are  usually  in  excess  of  the  broken 
ones,  they  form  a  constant  and  unsuspected  source  of  danger. 
If  a  small  hole,  say  i  inch  in  diameter,  is  drilled  about  1  inch 
into  the  outer  end  of  the  staybolts,  any  broken  or  partially 
broken  ones  will  be  indicated  at  once  by  water  escaping 
through  tlie  hole;  staybolts,  as  a  rule,  break  pretty  close 
to  the  outer  sheet.  Such  a  staybolt  is  shown  in  Fig.  6  (6), 
which,  besides  being  drilled  at  a,  has  the  threads  turned  off 
the  central  portion,  this  procedure  being  found  to  increase  its 
durability.  Sometimes  hollow  staybolts  are  used  to  supply 
air  direct  to  the  firebox,  a  couple  of  rows  being  placed  just 
above  the  fire. 


METHODS    OF   STATING    CROWK    SHEETS. 

1 2.  Crown-Bar  Method. — The  crown  sheet  is  supported 
in  one  of  two  ways:  (1)  by  crovm  bars,  or  (2)  by  radial  stays. 

Crown  bars  are  iron  girders,  the  ends  e  of  which  are  shaped 
so  as  to  form  feet;  they  are  placed  across  the  firebox  with  the 


Fig.  7. 


feet  resting  upon  the  edges  of  the  side  sheets,  as  shown  in  Fig.  7 
(a).  The  bar  is  so  designed  as  to  clear  the  crown  sheet  a 
couple  of  inches  or  so. 
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Crown  bars  are  generally  made  up  of  two  pieces  of  plate 
bolted  together,  as  shown  in  the  cross-sectional  view,  Fig.  7  (6), 
with  sufficient  space  between  them  to  allow  the  crown  bolts 
to  pass  through.  Washers  to  for  holding  the  crown  sheet 
in  position  are  placed  between  the  crown  bar  and  the  crown 
sheet,  and  the  whole  is  then  tightened  up  and  held  together  by 
the  crown  bolts  c,  which  pass  up  through  the  crown  sheet, 
washer,  and  crown  bar,  and  are  fastened  on  top  of  the  latter  by 
nuts.  The  crown  sheet  is  thus  supported  by  the  bars,  which 
in  turn  are  connected  to  the  shell  of  the  boiler  and  the  inside  of 
the  dome  by  means  of  sling  stays,  as  shown  in  Fig.  1.  The  bars 
are  placed  about  4}  inches  from  center  to  center.  The  bolts 
are  generally  f  or  1  inch  in  diameter,  and  are  spaced  about 
4}  inches  between  centers. 

The  objections  to  the  crown-bar  method  of  staying  are: 
(1)  increased  difficulty  of  cleaning  the  crown  sheet;  (2)  great 
weight  and  cost;  and  (3)  loss  of  water  space  taken  up  by  them. 
When  the  water  is  bad,  scale  forms  around  the  washers  Wy  and 
keeps  the  water  away  from  these  spots,  thus  tending  to  overheat 
the  crown  sheet  beneath  the  washers.  These  washers  are  made 
tapering,  as  shown,  so  as  to  allow  the  water  to  r^ach  a  greater 
portion  of  the  sheet 

13.  Radial-Stay  Method. — In  this  method  of  staying, 
the  crown  sheet  is  supported  from  the  main  shell  by  means  of 
staybolts  screwed  through  both  shell  and  crown  sheet  and 
riveted  cold.  A  staybolt  to  be  most  effective  mudt  be  placed  at 
right  angles  to  the  surface  it  is  to  support;  the  staybolts 
supporting  the  outer  shell  and  the  crown  sheet,  therefore, 
should  be  at  right  angles  to  both  sheets,  but,  as  the  shell 
is  circular,  while  the  crown  sheet  is  more  or  less  flat,  this  is 
impossible.  The  best  that  can  be  done  is  to  give  the  crown 
sheet  a  considerable  curvature,  and  place  the  staybolts  as  nearly 
at  right  angles  to  both  sheets  as  possible;  they  are  thus  set  more 
or  lees  radial  to  the  outer  shell — hence  the  term  radial. 

Curving  the  crown  sheet  has  another  advantage:  As  the 
impurities  in  the  water  are  precipitated  on  the  crown  sheet,  they 
are  washed  off  by  the  strong  circulation  and  swash  of  the  water 
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in  the  boiler,  thus  keeping  the  crown  sheet  comparatively 
clean.  This  construction,  therefore,  is  well  adapted  for  use 
with  muddy  water;  it  is  cheaper  than  the  crown-bar  method, 
and  provides  a  much  better  chance  to  wash  out  the  mud  and 
scale,  and  to  inspect  the  boiler. 

The  radial  Btaybolts  are  spaced  about  4^  inches  between 
centers  on  the  crown  sheet,  which,  of  course,  makes  the  space 
greater  in  the  outer  ahell.  When  radial  stays  are  used,  it  is 
necessary  to  set  the  dome  forwards  on  the  cylindrical  portion 
of  the  boiln,  as  otherwise  the  stays  would  have  to  go  up  into 
the  dome. 


14,  Kocktng  Orate. — Fig.  8  showa  the  fire-grate  and 
atk-pan  of  an  ordinary  rocldng  grate  used  in  eoft-coal 
engines.     The  upper  view  is  a  cross-eection  through  the  firebox, 


Flo.  I. 

showing  a  top  view  of  the  grates;   the  lower  view  is  a  longi- 
tudinal section  through  the  firebox,  grate,  and  ash-pan. 

The  grate  consists  of  cast-iron  cross-bars  A,  Ji  supported  on 
trunnions  e,  on  which  they  can  rotate.     Each  bar  is  provided 
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with  fingers  that  fit  in  between  the  fingen  of  the  adjacent 
bare,  and  they  are  further  provided  at  one  end  with  an  arm  6 
(on  the  under  side)  that  connects  with  the  bar  c.  This  bar  can 
be  moved  to  and  fro  by  means  of  a  lever  (not  shown  in  the 
figure),  the  handle  of  which  is  in  the  cab.  Thia  movement 
gives  the  grate  bars  a  rocking  motion  on  their  trunnions  that 
tends  to  break  up  clinkers  and  shake  them  and  the  ashes  into 
the  ash-pan  C.  The  doors  d,  d'  of  the  ash-pan  not  only  pro- 
vide means  for  removing  the  ashes,  but  act  also  as  dampers  for 
r^;ulating  the  draft.  They  are  operated  from  the  cab.  It  will 
be  noticed  that  there  is  considerable  space  (about  35  per  cent 
of  the  grate  area)  between  the  fingers  of  the  grate  bars.  This  is 
to  allow  the  easy  entrance  of  air  into  the  firebox.  Another  type 
of  grate,  which  consists  ot  a  fiat  wide  bar  with  air  holes  through 
it,  is  used  considerably.  It  can  be  rocked  or  shaken  the  same 
as  finger  grates. 

15.     WBter  Grates. — WTien  hard  coal  is  used,  such  an 
intense  heat  is  generated  that  ordinary  grate  bars  soon  bum 


out;  therefore,  what  are  known  as  water  grratos  are  very 
generally  used.  Such  a  grate  ia  shown  in  Fig.  9:  (a)  is  a  plan 
of  the  grates;  (6)  is  a  side  view,  showing  the  support  .£  for  lit 
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solid  bars  B  and  the  middle  support  e  for  the  grate;  (c)  is  an 
end  view,  showing  the  arrangement  of  the  grate  bars.  The  grate 
bars  A  are  usually  made  of  2-inch  wrought-iron  tubes  about 
J  inch  thick,  and  have  water  circulating  through  them.  They 
are  set  parallel  to  the  length  of  the  engine,  with  their  front  ends 
lower  than  their  back  ends,  which  assures  a  free  circulation  of 
water  through  them  (unless  they  choke  up)  that  prevents  their 
being  burned. 

The  tubes  are  threaded  on  the  end  that  is  screwed  into  the 
back  tube-sheet;  the  other  end  is  fastened  into  the  Lack  sheet 
of  the  firebox  by  means  of  a  tapered  copper  ferrule  /,  which  is 
driven  into  the  hole  in  this  sheet  until  it  makes  a  tight  joint 
between  the  tube  and  the  sheet. 

Solid  bars  B^  which  are  removable,  are  placed  at  r^ular 
intervals,  to  provide  for  drawing  the  fire  from  the  firebox. 
These  solid  bars  pass  through  short  pieces  of  tube  />,  set  in 
the  back  end  of  the  firebox,  the  front  ends  of  the  bars  resting 
upon  the  support  E.  They  are  provided  with  an  eye  C  at  one 
end,  for  convenience  in  pulling  them  out  when  the  fire  is  to 
be  drawn. 

The  area  of  the  grates  in  a  hard-coal  burning  engine  is  much 
larger  than  in  a  soft-coal  burner.  One  pound  of  hard  coal  will 
produce  about  the  same  quantity  of  heat,  in  burning,  as 
1  pound  of  soft  coal;  but,  as  the  hard  coal  bums  much  more 
slowly  than  the  soft  coal,  it  will  not  generate  as  high  a  tempera- 
ture, and  consequently  will  not  make  steam  as  fast.  In  order 
to  make  steam  at  the  same  rate,  a  greater  quantity  of  hard  coal 
must  t>e  burning  at  the  same  time,  and  the  most  practical  way 
to  do  this  is  to  increase  the  size  of  the  firebox  and  the  area 
of  the  grates.  

THS    XIKEBRICK    ABCH. 

« 

16.  It  is  becoming  an  almost  universal  practice  to  use  a 
brick  arct-  in  the  firebox  of  all  types  of  engines.  Brick 
arches  are  usually,  as  the  name  implies,  made  in  the  form  of 
an  arch,  and  are  supported  by  lugs  or  pins  bolted  to,  or  screwed 
into,  the  side  sheets.  Sometimes  the  bricks  are  supported  by 
arch  pipes  T,  Pig.  4,  which  are  fastened  into  the  tube-sheet  and 
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back  sheet  in  such  a  way  as  to  permit  of  a  circulation  of  water 
through  them.  Usually,  a  space  of  from  3  to  6  inches  is 
left  between  the  bottom  row  of  bricks  and  the  tube-sheet,  but  in 
some  cases  the  brick  is  up  against  the  sheet.  The  bottom  of 
the  arch  is  from  1  to  10  inches  below  the  lower  tubes,  depend- 
ing on  the  depth  of  the  firebox,  and  about  20  inches  above  the 
grates.  An  opening  is  left  at  the  back  end  of  the  arch,  below 
the  crown  sheet,  to  allow  the  gases  to  pass  through  to  the  tubes. 
The  advantages  of  using  a  brick  arch  are:  (1)  By  lengthen- 
ing the  path  of  the  gases  to  the  tubes,  they  are  retained  for 
a  greater  interval  of  time  in  the  firebox,  and  therefore  have 
more  time  in  which  to  mix  with  the  air  and  bum.  (2)  The 
firebrick  become  intensely  hot  and  tend  to  maintain  a  more 
even  temperature,  besides  helping  to  prevent  the  gases  being 
cooled  below  their  igniting  temperature.  (3)  It  maintains  a 
more  even  temperature  in  the  tubes,  preventing,  to  a  great 
extent,  unequal  expansion  and  contraction,  thereby  increasing 
the  life  of  the  tubes.  (4)  When  an  arch  is  used,  it  is  more 
difficult  for  the  exhaust  to  pull  fine  coal  and  cinders  through 
the  tubes  unbumed  and  to  tear  holes  in  the  fire.  The  brick 
arch  therefore  aids  combustion,  helps  to  prevent  black  smoke, 
increases  the  life  of  the  tubes,  and  effects  a  saving  in  the  coal 
oomsumption.     Arches  are  not  used  with  hard-coal  burners. 


THE  TUBES, 

17«  The  tubes  of  a  locomotive  boiler  are  usually  made 
from  strips  of  sheet  iron,  lap-welded  together,  although  some- 
times they  are  solid-drawn  from  steel.  Steel  tubes  can  be  made 
thinner  than  iron  tubes  while  giving  equal  strength,  and  for  this 
reason  are  advantageous,  since  the  thinner  the  tubes,  the  more 
readily  the  heat  of  the  gases  will  be  conducted  to  the  water. 

The  tubes  are  generally  2  inches  external  diameter.  In  some 
cases,  however,  they  are  made  as  small  as  If  inches,  and  in 
others  as  large  as  2^  to  2^  inches.  A  2-inch  tube,  .11  inch 
thick,  has  an  internal  diameter  of  1.78  inches;  a  2^inch  tube, 
.125  inch  thick,  has  a  2-inch  internal  diameter;  while  a  2^inch 
tube,  .125  inch  thick,  has  a  2^inch  internal  diameter. 
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By  reducing  the  outside  diameter  of  the  tubes  below  2  inches, 
more  of  them  can  be  got  in  and  so  increase  the  total  tube 
heating  surface,  but  at  the  same  time  the  tendency  of  the  tubes 
to  become  stopped  up  is  increased.  Increasing  the  diameter  of 
the  tubes  decreases  the  total  tube  heating  surface,  and  reduces 
the  steam  capacity  of  the  boiler.  The  smaller  tubes  have 
other  advantages  over  the  large  tubes,  for  the  hot  gases  are 
broken  into  smaller  columns  in  passing  through  the  smaller 
tubes;  thus,  less  heat  is  wasted,  and  the  gases  pass  out  at  the 
stack  at  a  reduced  temperature.  A  small  tube  has  a  greater 
heating  surface  in  proportion  to  the  volume  of  gases  passing 
through  it  than  a  large  tube. 

The  total  cross-sectional  area  of  the  tubes  in  the  larger  sizes 
of  engines  is  about  ^  the  grate  area  for  bituminous  coal,  and 
^  for  large  anthracite,  and  still  less  (sometimes  as  little  as  ^) 
for  small  anthracite  and  culm. 

The  tubes  are  connected  to  the  front  tube-sheet  in  the  smoke- 
box,  and  to  the  back  tube-sheet  in  the  firebox.     Their  function 

is  to  carry  the  smoke  and  gases  of  combustion 
from  the  firebox  to  the  smokebox,  breaking 
them  into  small  columns,  so  that  their  heat 
may  be  more  readily  extracted  by  the  water 
that  surrounds  the  tubes.  The  tubes  serve 
another  purpose,  also,  in  acting  as  stays  for 
the  tube-sheets. 

Fig.  10  illustrates  one  way   in   which  the 

tubes  are   attached   to   the   back   tube-sheet; 

a  is  a  copper  ferrule,  tapered   on   the  inside 

from    i    inch    thick    at    one    end    to   almost 

nothing  at  the  other  end.     It  is  about  ^  inch 

longer  than  the  thickness  of  tube-sheet  P.     This  ferrule  is  used 

to  avoid  leakage  due  to  the  expansion  and  contraction  of  the 

tubes  and  sheet. 

The  holes  in  the  tube-sheet  are  drilled  ^V  ^^^^  larger  than 
the  diameter  of  the  tubes;  the  tube  is  then  inserted  in  the  hole 
and  permitted  to  extend  a  little  beyond  the  sheet;  the  furrule  is 
next  put  in  place,  and  the  end  of  the  tube  expanded  and,  in 
most  cases,  beaded  as  shown.     The  copper  ferrule  is  not  used  in 
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the  front  tube-sheet;  the  holes  are  drilled  -^  inch  latter  than 
the  diameter  of  the  tuhe,  which  is  then  inserted  and  expanded 
as  described. 

Th«  tubes  should  be  so  amuiged  that  there  will  be  a 
space  of  from  $  to  ^  inch  between  each  adjacent  pair.  They 
should  be  so  grouped  as  to  permit  the  freest  circulation  of 
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the  water  and  eteam.  Three  methods  of  grouping  are  shown 
in  Fige.  II,  12,  and  13,  in  which  Uw  anovis  show  the  course 
the  eteam  and  water  can  take  in  ascending.  In  Figs.  11 
and  13,  the  steam  and  water  can  rise  in  a  straight  line,  and 
either  of  these  constructions  will  give  a  better  circulation  than 
will  that  shown  in  Fig.  12.  As  the  groupingin  Fig.  11  permits 
the  use  of  more  tubes  to  a  given  area  of  tube-sheet  than  does 
that  of  Fig.  13,  it  is  the  one  most  commonly  used. 


HZLA.TING  SURFACE. 
IS.  I>eflnltlon  of  tbe  Term. — The  term  heatlnirmr- 
fiLce  is  meant  to  include  all  surfaces  in  the  boiler  and  firebox 
that  are  exposed  on  the  one  side  to  the  heat  of  the  fire  or  of  the 
generated  gases,  and  that  have  water  on  the  other  aide.  The 
total  heating  surface  in  a  locomotive  boiler,  therefore,  comprises 
the  tubes,  crown  sheet,  back  tube-sheet,  and  side  and  hack 
sheets  of  the  firebox.  The  area  of  the  front  tube-sheet  is  not 
taken  into  consideration  in  these  calculations.  Of  these  sur- 
faces, the  crown  sheet  is  the  most  effective;  the  tube-sheet,  sides, 
and  back  of  firebox  next;  after  which  comes  the  tube  surface. 
The  tube  surface  is  not  equally  effective  throughout;  the  back 
end  of  the  tube  is  more  effective  than  the  front  end,  and  the 
top  of  the  tube  is  more  effective  than  the  sides  or  bottom,  the 
bottom,  in  fact,  being  considered  as  of  bat  little  value. 
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In  calculating  the  heating  surface  of  a  locomotive  boiler, 
however,  the  efficiency  of  the  different  parts  is  not  taken  into 
account,  the  whole  surface  being  considered  aa  equally  efficient 

The  heating  surface  of  the  firebox  is  called  the  direct  beat- 
ing: surface,  since  it  is  subjected  to  the  direct  action  of  the 
fire,  while  that  portion  comprising  the  inside  surface  of  the 
tubes  and  the  surface  of  the  front  tube-sheet  is  called  the 
Indirect  lieatlng:  surfoce.  The  total  beating:  surfkce  is 
composed  of  the  sum  of  the  direct  and  of  the  indirect  heating 
surfaces. 

19.  Amount  of  Heating:  Bnrfkce. — In  designing  a 
boiler,  it  is  customary  to  allow  a  certain  amount  of  total  heat- 
ing surface  for  each  cubic  foot  of  piston  displacement.  As  the 
result  of  many  experiments,  it  has  been  ascertained  that  the 
number  of  square  feet  of  heating  surface  should  be  from  360  to 
420  times  the  piston  displacement  in  cubic  feet,  counting 
only  one  piston. 

These  figures  depend  on  the  class  and  size  of  the  engine, 
the  diameter  of  drivers,  etc.,  but  chiefly  on  the  kind  of  fuel 
to  be  used.  The  piston  displacement  in  cubic  feet  is  equal 
to  the  area  of  the  piston,  in  square  feet,  multiplied  by  the 
length  of  the  stroke,  in  feet.  When  the  size  of  the  cylinder 
is  given,  the  total  heating  surface  may  be  calculated  by  the 
following  rule: 

Role  1. — 2b  find  the  total  heating  surface  to  he  allowed  an 
engine,  mvltiply  the  diameter  of  the  piston,  in  inches,  by  itself,  and 
by  the  stroke,  in  inches.  Then  mvltiply  this  product  by  ,190 
if  bituminous  coal  is  to  be  used,  by  .  165  for  lump  anthracite,  or  by 
.200  for  smaU  anthracite,  buckwheat  or  pea. 

Example. — What  total  heating  surface  should  be  allowed  a  bitumi- 
nouB  coal-buming  locomotiye  that  is  to  have  18^^  X  24^^  cylinders? 

SoLUTioN.—From  rule  1,  heatmg  surface  =  18  X 18  X  24  X  IW  = 
1,477}  sq.  ft.  nearly.    Ans. 

The  ability  of  a  locomotive  to  handle  heavy  trains  or  to  make 
fast  time,  depends  on  its  steam-making  capacity.  For  this 
purpose,  a  liberal  amount  of  heating  surface  must  be  used,  and 
modem  engines  have  so  much  more  heating  surface  than  those 
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of  older  date  that  the  proportion  of  heating  surface  to  the 
cylinder  dimensionB,  shown  in  rule  1  as  .190,  is  now  from  .210 
for  freight,  to  .240  for  passenger  service,  for  bituminous  coal, 
and  other  kinds  of  coal  in  proportion. 

The  direct  heating  surface  is  generally  made  from  4^  to  6 
times  the  grate  area;  that  is,  for  every  square  foot  of  grate  area, 
there  is  from  4^  to  6  square  feet  of  direct  heating  siirface. 
In  culm  burners,  the  proportions  are  from  2  to  2^  times  the 
grate  area. 

The  indirect  heating  sm'face,  generally,  is  about  11  times  the 
direct;  that  is,  for  every  square  foot  of  direct  heating  surface 
there  is  11  square  feet  of  indirect  heating  siirface. 

Striking  a  rough  average  for  all  coals,  we  may  say  that  for 
each  square  foot  oi  grate  surface  there  is  about  5^  square  feet 
of  direct  heating  surface  and  about  60  square  feet  of  indirect 
heating  surface.     In  culm  burners,  the  proportions  are  less. 


GRATE  AREA. 

20.  In  order  to  have  a  continuous  supply  of  steam  suffi- 
cient for  running  at  high  speeds,  the  evaporation  must  be 
rapid  and  the  direct  heating  surface  should  not  fall  below  a 
certain  amount,  depending  on  the  grate  surface.  The  grrate 
area  may  be  determined  with  reference  to  the  piston  displace- 
ment. When  the  fuel  is  lump  anthracite,  allow  a  grate  area 
of  9  square  feet  for  every  cubic  foot  of  piston  displacement; 
for  small  anthracite,  allow  19  square  feet;  and  for  bituminous, 
7  square  feet.  If  the  dimensions  of  the  cylinder  are  known, 
the  following  rule  may  be  used: 

Role  2. — To  find  the  grate  area^  multiply  the  diameter  of  piston, 
in  inches,  by  itself  and  by  length  of  stroke,  in  inches;  then  divide 
the  product  by  S20  for  bituminous-coal  burners,  by  24.0  for  lump- 
anthradts  burners,  and  by  116  for  smoM-arUhracite  burners, 

ExAHFLB. — ^An  engine  is  to  have  18^^  X  24^^  cylinders,  and  is  to  bum 
lump  anthracite;  what  grate  area  should  it  have  ? 

SoLcmoN. — ^According  to  rule  2, 

18X18X24        ^-.        ^      . 
grate  area  =  — --t.^/ —  =  32.4  sq.  ft.    Ana. 

J4U 
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The  proportion  of  grate  area  is  being  increased  in  modem 
locomotive  boilers,  so  that  the  amomit  of  grate  area  in  relation 
to  cylinder  dimensions,  shown  aa  320  for  bituminous-coal 
burners,  ranges  from  340  for  freight  to  420  for  passenger  ser- 
vice, with  other  kinds  of  coal  in  proportion. 

The  rate  of  combustion  in  a  locomotive  boiler  is  higher 
than  in  any  other  class.     At  times  it  is  as  high  as  200  pounds 

of  coal  per  square  foot  of 
grate  area  per  hour,  while 
the  rate  for  stationary  boil- 
ers only  ranges  from  16  to 
25  pounds  per  square  foot 
of  grate  area  per  hour.  The 
rate  of  combustion  should 
not  exceed  100  pounds  of 
coal  per  square  foot  of  grate 
area  per  hour,  if  fuel  econ- 
omy is  to  be  considered, 
and  for  this  reason  the  grate 
should  be  as  large  as  possi- 
ble, so  that  a  large  body  of 
coal  can  be  burning  at  one 
time.        ^^^^ 

THS    SMOKBBOX. 


SHORT    SMOKEBOX. 

21,  In  the  diamond- 
stack  engines,  so  universally 
used  some  years  ago,  and 
which  are  still  used  today 
on  some  roads,  the  boiler 
shell  has  a  separate  ring 
attached  at  its  front  end, 
^^°-  "•  which  extends  a  short  dis- 

tance beyond  the  front  sheet  and  forms  what  is  known  as  the 
smokebox. 
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The  length  of  the  smokebox  S,  Pig.  14,  is  such  as  to  provide 
sufficient  room  for  the  steam  pipes  8,  exhaust  pipe  n,  and  petti- 
coat pipe  p.  The  exhaust  pipe  is  placed  directly  above  the 
exhaust  cavities  in  the  cylinder  saddles,  and  is  of  short  length, 
as  shown.  The  diamond  stack,  containing  the  spark-arresting 
devices,  is  so  placed  that,  its  center  is  directly  above  the  center 
of  the  exhaust  nozzles. 

Above  the  exhaust  pipe  is  the  petticoat  pipe  p,  through 
which  the  exhaust  steam  and  products  of  combustion  pass  to 
the  smokestack.  It  is  held  in  position  by  the  braces  a,  one  on 
each  side,  which  are  fastened  to  the  shell  of  the  smokebox. 
The  braces  have  a  slot  c  through  which  pass  bolts  h  of  the 
petticoat  pipe,  securing  the  two  together,  the  slots  permitting  of 
a  certain  amount  of  adjustment  of  the  pipe.  The  pipe  is  of 
smaller  diameter  than  the  stuck,  and  is  turned  outwardly  at  the 
bottom,  as  shown  at  A.  The  upper  end  H  is  made  to  telescope, 
anU  is  provided  with  slots  in  its  sides  through  which  bolts  g 
pass;  by  means  of  these  slots  and  bolts,  the  length  of  the  petti- 
coat pipe  may  be  altered  as  necessary  to  r^ulate  the  draft  through 
the  tubes.  The  door  D  must  be  air-tight,  for  if  air  were 
allowed  to  enter  the  smokebox,  it  would  partly  destroy  the 
action  of  the  exhaust  in  making  a  vacuum. 


SXTENSION    FBONT. 

22.  In  the  extendcnl  f^ront  end.  Figs.  15  (a)  and  (6),  the 
smokebox  S  is  extended  much  farther  than  with  a  diamond 
stack,  the  part  E  affording  room  for  the  netting  N,  The  steam 
pipes  «,  exhaust  pipe  n,  and  deflector  plate  c  are  placed  in  the 
smokebox  proper,  while  the  netting,  or  screen,  N  is  in  the 
extension  E.  There  is  an  opening  q  in  one  side  of  the  smoke- 
box to  afford  a  means  of  examination.  This  opening  and  also 
the  door  D  are  made  air-tight  for  reasons  already  stated.  Some 
extensions  are  equipped  with  a  cinder  trap  A  for  removing  the 
cinders  from  the  front.  This  is  generally  made  of  cast  iron  and 
is  constracted  so  as  to  be  air-tight.  These  cinder  traps  are 
going  out  of  use  and  the  deflector  plate  is  being  so  arranged 
tiaat  the  cinders  do  not  remain  in  the  front  end,  but  are  carried 
out  of  the  stack. 
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23.  A  later  style  of  extenBion  front-end  arrangement  lb 
shown  in  Fig.  15  (6).  In  this  the  deflector  plate  c  is  attached 
to  the  flue  sheet  F  above  the  top  row  of  flues  and  extends  down 
and  forwards  at  an  angle  to  the  level  of  the  top  of  the  exhaust 
pipe,  where  it  joins  a  horizontal  piece  of  netting  N.  The 
netting  also  is  continued  at  an  angle  up  to  the  top  and  front  end 
of  the  extension. 

The  lower  end  of  the  deflector,  which  passes  the  exhaust  pipe 
(and  steam  pipes)  at  an  angle,  as  shown,  has  a  movable 
apron  h  which  can  be  adjusted  to  clean  the  front  end.  Across 
the  front  end,  and  a  little  above  the  middle,  is  another 
deflector  a.  Some  deflectors  are  solid,  while  others  are  made  of 
netting,  which  acts  to  break  up  the  cinders,  so  that  there  is  less 
danger  of  fire  when  the  cinders  reach  the  atmosphere. 

The  exhaust  nozzle  is  6  inches  to  8  inches  below  the  center 
line  of  the  boiler.  A  petticoat  pipe^  similar  to  those  in  a 
diamond-stack  smokebox,  comes  above  the  exhaust  nozzle  and 
directs  the  exhaust  steam  centrally  up  the  stack.  In  other  par- 
ticulars this  arrangement  is  similar  to  the  one  previously 
described. 

DRAFT  APPIilANCES. 


THE    PETTICOAT    PIPE. 

24.  The  function  of  the  petticoat  pipe,  used  in  the  short 
smokebox,  is  to  equalize  the  draft  through  the  tubes,  so  that  it 
will  be  the  same  in  the  top  and  bottom  rows  as  in  the  center 
tubes.  This  is  accomplished  by  altering  the  position  or  length 
of  the  pipe,  Fig.  14,  until  the  draft  is  properly  regulated.  The 
exact  position  to  give  the  best  results  can  only  be  determined 
by  experiment,  as  it  may  not  be  the  same  for  any  two  engines. 
If  the  fire  burns  quickest  and  brightest  in  the  front  end  of  the 
firebox,  it  indicates  that  the  lower  tubes  have  the  greater  draft, 
and  consequently  the  telescope  end  H  of  the  petticoat  pipe 
should  be  lowered  sufficiently  to  adjust  the  draft.  If  the  fire 
burns  brightest  at  the  back  end  of  the  firebox,  it  indicates  that 
ihe  draft  is  greater  through  the  upper  tubes,  and  the  end  H 
sliould  be  raised  sufficiently  to  regulate  the  draft.     When  the 
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proper  adjuBtment  is  attained,  the  fire  will  bum  evenly  at  all 
parts  of  the  firebox,  the  engine  will  steam  better,  and  the  tubes 
will  all  appear  equally  clean  when  examined.  A  slight  altera- 
tion from  this  adjustment  may  very  materially  affect  the  steam- 
ing qualities  of  the  engine  and  the  quantity  of  coal  consumed; 
consequently,  care  should  be  exercised  in  keeping  the  petticoat 
pipe  in  proper  adjustment  and  in  exact  line  with  the  barrel  of 
the  stack.  

THE    DBFIiBCTOR   PLATE. 

25*  The  deflector  plate  c,  Fig.  15  (a),  is  connected  to 
the  front  tube-sheet  F  just  above  the  top  row  of  tubes;  it  extends 
downwards  at  an  angle  with  the  tube-sheet,  as  shown.  The 
lower  part  h  is  made  adjustable,  elongated  bolt  holes  in  h  per- 
mitting it  to  be  lowered  about  6  inches  below  the  bottom  of  the 
stationary  plate  c,  if  necessary.  It  is  secured  in  position  by 
means  of  bolts  i,  view  (6).  The  distance  j  between  the  deflector 
plate  and  the  tube-sheet  at  the  top  is  generally  about  3  inches; 
while  the  distance  k,  when  the  deflector  plate  is  in  its  lowest 
position,  is  such  that  it  will  give  an  area  at  least  equal  to  the 
total  cross-sectional  tube  area.  If  less  than  this,  the  flow  of  the 
gases  will  be  obstructed  and  the  engine  will  steam  hard. 

The  deflector  plate  serves  two  purposes:  (1)  it  deflects  the 
gases  and  cinders  downwards,  causing  the  cinders  to  be  deposited 
in  Ey  while  the  gases  escape  through  the  netting  N;  and  (2)  it 
equalizes  the  draft  through  the  tubes.  The  tendency  of  the  high 
exhaust  pipe  n  is  to  create  a  greater  draft  through  the  upper 
tubes  than  through  the  lower  ones,  and  the  deflector  plate  over- 
comes this  tendency  by  lengthening  the  path  of  the  gases  that 
flow  through  the  upper  tubes.  The  air  entering  through  the 
grates  at  the  front  end  of  the  firebox  passes  through  the  lower 
tubes;  that  entering  through  grates  near  the  fire-door  rises  and 
passes  through  the  upper  tubes.  If  the  fire  near  the  back  end 
of  the  firebox  indicates  that  the  draft  through  the  upper  tubes 
is  too  great,  the  apron  h  of  the  deflector  plate  should  be  lowered 
to  equalize  it;  if  the  draft  through  the  lower  tubes  is  too  great, 
then  the  apron  h  should  be  raised  sufficiently  to  equalize  the 
draft  and  make  the  fire  bum  evenly.     If  the  fire  does  not  burn 
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freely,  and  the  inside  of  the  fire-door  becomes  covered  with 
soot,  it  indicates  a  choked  draft.'  This  may  be  due  to  a  num- 
ber of  tubes  being  stopped  up,  or  to  the  deflector  plate  being 
too  low. 

A  horizontal  plate  a  is  fastented  to  the  stationary  part  c  of  the 
deflector  plate  and  the  shell  of  the  smoke  arch;  its  function 
is  to  prevent  cinders  and  sparks  passing  up  alongside  the 
exhaust  pipe  and  out  of  the  stack.  The  netting  N  is  bolted  to 
the  front  end  of  this  plate,  and  extends  to  the  top  of  the  exten- 
sion, as  shown.  It  is  provided  with  a  door  e,  so  as  to  permit 
of  examination  or  repairs  to  the  exhaust  or  steam  pipes  without 
removing  the  netting. 

With  the  extended  smokebox,  the  netting  is  placed  in  the 
front  end,  below  the  top  of  the  exhaust  nozzle;  thus,  the  exhaust 
steam  is  given  a  free  path  to  the  atmosphere,  and  the  netting 
does  not  clog  up  as  badly  with  waste  oil  from  the  cylinders  as 
it  does  when  it  is  in  the  diamond  stack  above  the  nozzle.  The 
netting  should  be  examined  frequently  to  see  if  it  has  become 
clogged,  or  if  there  are  any  holes  worn  in  it. 


THK    SMOKESTACK. 

26,  Functions  of  the  Stack. — Locomotive  smoke- 
stacks differ  considerably,  their  design  depending  chiefly  on 
the  kind  of  fuel  intended  to  be  used.  The  stack  has  two 
functions  to  perform:  first,  to  carry  off  the  gaseous  products  of 
combustion;  and,  second,  to  serve  as  an  instrument  by  means 
of  which  the  exhaust  steam,  in  escaping,  is  enabled  to  create  a 
draft  through  the  tubes  and  fire.  The  draft  caused  in  the  fire- 
box and  tubes  is  due  to  the  action  of  the  exhaust  in  producing 
a  partial  vacuum  in  the  smokebox  and  stack.  The  exhaust 
steam  escapes  in  puffs,  and  as  the  puffs  occur  in  quick  success 
sion,  they  tend  to  empty  the  smokebox  of  gases  and  thus 
produce  a  partial  vacuum  there.  Atmospheric  pressure  then 
forces  air  through  the  grates  and  through  the  tubes  to  refill  the 
smokebox,  and  in  this  way  the  draft  through  the  fire  is  estab- 
lished and  maintained — the  exhaust  steam  forcing  the  gases  out 
of  the  smokebox,  the  pressure  of  the  atmosphere  forcing  air 
through  the  fire  to  refill  the  smokebox. 


§5. 
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The  exhaust  steam  has  two  direct  actions  on  the  gases  in 
expelling  them  from  the  smokebox.  First,  when  the  exhaust 
pipes,  nozzles,  etc.    are  properly  adjusted,  each  puff  of  the 

exhaust  steam  enters  the 
stack  near  its  base,  fills 
it,  and  in  passing  up- 
wards pushes  the  gases 
out  of  the  stack,  thus 
creating  a  partial  vacuum 
in  the  smokebox.  In 
fact,  the  effect  of  a  puff 
of  exhaust  steam  is  simi- 
lar to  the  effect  that 
would  be  produced  were 
a  piston  passed  quickly 
from  the  smokebox  up 
through  the  stack.  This 
effect  is  repeated  at  each 
exhaust,  and  it  is  this 
plunger-like  action  that 
is  most  effective  in  crea- 
ting a  vacuum  in  the 
smokebox.  Second^  the 
friction  of  the  particles 
of  exhaust  steam  against 
the  particles  of  the  gases 
in  the  smokebox  creates 
an  induced  current  or 
^'°'  ^^'  flow  of  gases  through  the 

stack.  This  latter  theory  of  the  ** entraining  action''  of  the 
steam  jet  has  been  proved,  by  extensive  experiments,  to  be 
the  main  factor  in  maintaining  a  vacuum  at  high  speeds. 

An  ordinary  diamond  stack,  used  in  conjunction  with  short 
smokeboxes,  is  shown  in  Fig.  16.  In  this  stack,  the  spark- 
arresting  device  is  contained  in  the  diamond-shaped  part  A  B 
and  consists  of  a  netting  N  extending  across  the  stack,  and  of  a 
cone-shaped  casting  C.  The  cone  is  held  in  place  by  three 
bolts,  one  of  which  is  shown  at  h.     This  cone  must  be  in  an 
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exact  line  with  the  center  of  the  stack,  so  as  to  distribute  the 
draft  evenly  through  the  netting,  and  its  point  must  come 
exactly  over  the  exhaust  tip.  The  position  of  the  cone  C  may 
be  adjusted  by  means  of  the  nuts  on  the  cone  belts,  above  and 
below  the  cone.  The  object  of  the  cone  is  to  break  up  and 
to  deflect  the  live  cinders  as  they  are  carried  up  by  the  exhaust, 


) 


Fig.  17. 


Fig.  18. 


and  whirl  them  in  chamber  A  until,  by  the  time  they  pass 
through  the  netting,  they  are  more  or  less  cooled  and  broken  up. 
The  cone  and  netting  should  be  frequently  inspected  to  see 
that  they  are  in  proper  condition.  As  the  netting  is  above  the 
exhaust  pipe  in  this  case  and  the  steam  and  oil  from  the 
cylinders  pass  through  it,  the  meshes  become  clogged  with  oil 
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and  soot,  and  should  therefore  be  cleaned  occasionally.  This 
can  be  done  by  burning  it  oflF  by  means  of  old  waste  saturated 
with  oil  or  by  scraping  and  pounding. 

Fig.  17  shows  one  type  of  straigrlit  stack  used  (for  either 
soft  or  hard  coal)  on  engines  having  entension  fronts.  Fig.  18 
shows  one  of  the  latest  forms,  which  flares  outwardly  at  the  top. 
This  stack  is  made  of  cast  iron.  The  size  of  the  stack,  in  pro- 
portion to  the  cylinder  volume,  has  a  great  influence  on  the 
draft,  a  small  stack  producing  a  fiercer  draft  than  a  larger  stack 
on  the  same  engine,  other  conditions  being  the  same. 


EXHAUST    PIPES. 

27.     Double  Exliaust  Pipe, — In  Fig.  19  are  three  views, 
(a),  (6),  and  (c),  of  the  exhaust  pipe  used  in  connection  with 
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Fig.  19. 


the  diamond  stack  and  petticoat  pipe  on  engines  having  a  short 
smokebox.  The  lower  openings  in  the  pipe  (a)  coincide  with 
the  exhaust  cavities  in  the  cylinder  saddles,  while  the  upi)er 
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openings  are  brought  as  near  together  as  practicable  in  order  to 
have  them  as  nearly  central  with  the  petticoat  pipe  as  possible. 
(d)  and  (e)  show  two  views  of  the  ezhaust  nozzles,  (d)  being  a 
cross-sectional  view  and  (e)  a  plan,  or  view,  from  above,  (c) 
is  a  side  view  of  (a).  The  nozzle  is  bored  out  straight  for 
about  1  inch  from  the  top,  the  remainder  of  the  distance  being 
tapered  off.  Another  type  of  exhaust  tip  or  nozzle  has  a  square 
shoulder  just  below  the  top  of  the  opening,  as  shown  in 
Fig.  20  (6).  The  straight  part,  view  (a),  is  intended  to  prevent, 
as  much  as  possible,  the  steam  spreading  after  it  leaves  the 


Fig.  20. 

exhaust  nozzle.  The  nozzles  are  made  separate  from  the 
exhaust  pipe,  so  that  the  size  can  readily  be  changed,  if 
desired;  they  are  bolted  to  the  pipe  by  means  of  the  lugs  c  and 
bolts  6.  The  passage  in  the  exhaust  pipe  is  decreased  in  size, 
at  the  nozzle  only,  so  as  to  increase  the  velocity  of  the  steam  as 
it  passes  out  of  the  nozzle,  which  therefore  creates  a  sharper 
blast  and  a  greater  draft.  The  pipe  shown  in  Fig.  19  is  known 
as  a  double  exhaust  pipe;  it  consists  virtually  of  two  pipes 
in  one  casting,  the  exhaust  steam  from  the  one  cylinder  remain- 
ing separate  from  that  of  the  other  throughout  the  passage  to 
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the  stack.     Double  exhaust  pipes  are  also  used  with  extension 
fronts,  and  are  then  longer  than  that  shown  in  Fig.  19. 

28.  Singrle  Exhaust  Pipe. — In  Fig.  20  is  shown  a 
slngrle  exbanst  pipe,  so  named  because  the  two  passages  A 
and  By  which  connect  with  the  two  exhaust  passages  in  the 
steam  cylinders,  are  combined  about  half  way  up  the  pipe,  and 
have  but  one  orifice  C  through  which  the  exhaust  steam  can 
pass.  If  a  different  size  of  exhaust  orifice  is  desired,  the 
nozzle  n  is  removed  and  replaced  by  one  having  an  orifice  of 
the  required  size. 

The  nozzle  is  held  in  place  by  means  of  a  setscrew  located  in 
the  front  part  of  the  exhaust  pipe.  Its  upper  part  is  bored  out 
straight,  its  lower  part  being  tapered.  The  partition,  or  bridge, 
a  prevents  any  steam  that  is  exhausting  from  one  cylinder 
passing  into  the  other  cylinder  and  increasing  the  back  pressure 
there.  The  single  exhaust  pipe  is  generally  used  when  the 
exhaust  pipe  is  high,  as  it  has  been  found  to  give  the  best 
results,  the  discharge  of  steam  being  more  central  through  the 
stack. 

29.  Size  of  Nozzle. — The  size  of  the  nozzle  affects  the 
draft  very  considerably  and  also  the  back  pressure  in  the 
cylinders.  The  greater  the  velocity  of  the  steam  through 
the  stack,  the  more  intense  will  be  the  draft  through  the  fire. 
By  decreasing  the  size  of  the  orifice  in  the  nozzle,  the  velocity  of 
the  escaping  steam,  and  therefore  the  intensity  of  the  draft,  will 
be  increased;  but  the  back  pressure  in  the  cylinders  will  be 
increased  also,  and  the  violent  draft  produced  by  the  small 
nozzle  will  be  liable  to  tear  holes  in  the  fire,  unless  a  heavier 
fire  is  carried  to  prevent  its  doing  so.  If  the  nozzle  is  too  large, 
the  exhaust  will  create  too  light  a  draft,  and  the  fire  will  not 
bum  properly;  but,  on  the  other  hand,  the  back  pressure  in  the 
cylinders  will  be  decreased. 

The  best  size  of  exhaust  nozzle  to  use  depends  on  so  many 
variable  conditions — such  as  the  quality  of  coal,  the  rate  at 
which  it  must  be  burned,  the  size  of  cylinders,  the  steam  pres- 
sure used,  the  inside  diameter  of  the  stack,  the  adjustment  of 
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the  draft  appliances,  etc. — that  it  can  best  be  determined  by 
experiment.  The  wisest  plan  is  to  use  just  as  large  a  nozzle  as 
will  allow  the  engine  to  steam  well,  for  by  so  doing  a  lighter  fire 
can  be  carried  and  better  combustion  secured;  at  the  same  time 
the  back  pressure  is  reduced,  which  is  equivalent  to  increasing 
the  boiler  pressure  a  corresponding  amount.  There  is  also 
another  beneficial  effect:  as  the  draft  is  not  so  violent  when  a 
large  nozzle  is  used,  the  gases  remain  in  contact  with  the  tubes 
for  a  greater  length  of  time,  and  consequently  give  up  a  greater 
portion  of  their  heat,  thus  effecting  a  further  saving.  If  the 
draft  tears  the  fire,  the  reason  may  be  that  the  nozzle  is 
too  small. 

THE    BLOWER. 

30.  The  function  of  the  apparatus  called  a  bloipver  is  to 
create  a  draft  through  the  fire  when  the  engine  is  standing  still, 
or  when  not  working  steam.  This  is  accomplished  by  passing 
steam  through  the  blower,  and  allowing  it  to  escape  up  the 
stack  in  a  steady  stream  as  nearly  central  as  possible.  The 
blower  cock  is  attached  to  the  top  of  the  boiler,  and  is  con- 
nected to  the  stack  by  means  of  a  pipe.  The  action  of  the 
steam  in  creating  a  draft  is  somewhat  different  from  the  action 
of  the  exhaust  steam  in  accomplishing  the  same  end.  Steam 
from  a  blower  escapes  in  a  continuous  jet  through  the  stack, 
and  the  plunger-like  action  of  exhaust  steam,  when  the  engine 
is  working  slow,  therefore,  is  not  present,  the  draft  being 
induced  chiefly  by  the  friction  of  the  particles  of  steam  a^rainst 
the  particles  of  the  gases  in  the  smokebox  and  stack. 

The  blower  should  always  be  used  as  lightly  as  possible,  and 
should  not  be  used  after  the  fire  has  been  drawn,  as  it  will 
induce  a  current  of  cold  air  to  flow  in,  which  will  cool  the  tubes 
and  sheets  too  rapidly,  thus  producing  leaks. 

In  putting  in  a  fire  while  the  engine  is  standing  still,  the 
blower  should  be  turned  on  lightly  before  opening  the  fire-door, 
as  by  so  doing  the  gases  present  in  the  firebox  will  be  prevented 
from  pouring  out  of  the  door  into  the  cab. 
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BAD-STEAMn^G  ENGESTES, 


GEKERAIi  REMARKS. 

31.  The  modem  locomotive  is  designed  and  proportioned 
in  accordance  with  experience  and  observation,  and  therefore 
when  an  engine  steams  badly,  it  should  not  be  too  hastily 
charged  to  faulty  designing.  The  trouble,  of  course,  may  occa- 
sionally be  in  the  design,  but  it  is  far  more  likely  to  be  due  to 
ether  causes — causes  over  which  the  engineer  can  and  should 
have  control. 

Aside  from  faulty  design,  there  are  three  causes  that  will 
make  a  locomotive  steam  poorly,  namely,  (1)  improper  or 
insufficient  draft;  (2)  the  heat  of  the  fire  not  being  fully 
utilized;  and  (3)  poor  management  on  the  part  of  those 
in  the  cab.  

rN'SUFFICIENT  DRAFT. 

32.  Insafficient  draft  may  be  due  either  to  some  obstruc- 
tion in  the  firebox,  tubes,  smokebox,  or  stack,  or  to  insufficient 
vacuum  being  formed  in  the  smokebox  by  the  exhaust  steam, 
or  to  the  fact  that,  while  a  sufficient  vacuum  may  be  formed  by 
the  exhaust  steam,  it  is  partly  destroyed  through  some  defect 
in  the  apparatus. 

The  obstruction  to  the  draft  may,  perhaps,  be  in  the 
grates,  which  may  be  fitted  so  close  as  to  prevent  a  sufficient 
admission  of  air  through  the  fire.  This  might  fairly  be 
charged  to  poor  design,  but  it  is  seldom  the  cause  of  the  trouble. 

Some  of  the  tubes  may  be  stopped  up,  due  to  careless  firing 
or  to  poor  regulating  of  the  draft  appliances.  If  the  draft 
through  a  number  of  the  tubes  is  weak,  ashes  and  cinders  will 
gradually  accumulate  in  them  until,  finally,  they  become 
stopped  up.  On  the  other  hand,  if  the  draft  through  certain  of 
the  flues  is  too  fierce,  large  cinders  will  be  drawn  into  these 
flues  and  stop  them  up.  This  is  the  case  where  the  draft  appli- 
ances are  not  properly  adjusted  to  give  an  even  draft  through 
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all  the  flues.  This  affects  the  steaming  of  the  engine  in  two 
ways:  it  robs  the  boiler  of  part  of  its  heating  surface,  and  it 
reduces  the  draft  through  the  fire. 

Where  the  engine  has  an  extension  front,  the  obstruction  may 
be  due  to  the  deflector  plate  in  the  smokebox  being  too  low. 
In  this  case,  the  flow  of  the  gases  to  the  smokebox  will  be 
obstructed  at  the  deflector  plate,  and  the  draft  will  be  reduced. 

The  netting  in  the  extension  front  or  in  the  smokestack  (if  a 
diamond-stack  engine)  may  be  clogged  up  with  oil  from  the 
cylinders  or  a  deposit  of  gummy  substance  from  the  coal,  so  as 
to  reduce  the  draft  and  make  the  engine  steam  hard.  If  this  is 
the  cause  of  the  trouble,  saturate  some  waste  with  coal  oil  and 
try  to  bum  away  the  obstruction.  If  it  is  stopped  with  cinders, 
remove  them  by  jarring  the  netting. 

If  the  exhaust  steam  does  not  form  a  sufficient  vacuum  in 
the  smokebox,  the  engine  will  steam  badly.  Insufficient 
Tacaum  may  be  due  to' one  or  more  of  the  following  causes: 
The  nozzle  may  be  too  large;  the  exhaust  steam,  instead  of 
entering  the  stack  centrally,  may  be  impinging  on  ita  side;  the 
steam  may  not  be  expanding  sufficiently  to  fill  the  stack  before 
it  is  near  the  top;  the  steam  may  expand  so  rapidly  after  it 
leaves  the  nozzle  that  it  not  only  fills  the  stack  at  the  base,  but 
some  of  it  strikes  the  smoke  arch  below  the  stack;  or,  again, 
the  petticoat  pipe,  when  used,  may  be  out  of  Une  with  the 
stack,  so  that  it  does  not  deliver  the  exhaust  steam  to  the  stack 
in  the  proper  manner. 

The  smokestack  and  the  exhaust  pipe  and  nozzles  may  be 
properly  designed  and  adjusted  to  give  the  required  vacuum  in 
the  smokebox  for  the  engine  to  steam  freely,  but  the  vacuum 
may  be  partly  destroyed  by  steam  leaking  into  the  smokebox 
from  the  steam  pipes,  or  by  air  leaking  into  the  smokebox  from 
the  outside.  

HEAT  NOT  PROPERIiY  UTILIZED. 

33.  The  engine  may  have  sufiicient  draft  to  bum  the  coal 
freely,  and  yet  steam  badly,  for  the  circulation  of  the  water  may 
be  poor,  or  the  boiler  may  be  very  dirty  and  so  badly  scaled  that 
the  water  cannot  reach  the  heating  surfaces,  in  which  case  it 
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will  be  almost  impossible  to  keep  up  steam.     Mud  and  scale  in 
a  boiler  lead  to  a  great  waste  of  coal. 

If  the  draft  is  not  equalized  through  the  tubes,  it  affects  the 
steaming  qualities  of  the  engine  very  considerably.  It  decreases 
the  heating  surface  of  the  boiler,  and  the  velocity  of  the  gases, 
etc.  must  be  increased  considerably  to  pass  them  through  the 
reduced  tube  area  in  the  same  interval  of  time.  By  increasing 
their  velocity,  they  have  less  time  in  which  to  deliver  their  heat 
to  the  water  as  they  pass  through  the  tubes,  consequently  they 
are  much  less  effective  in  making  steam. 


POOR  MANAGEMENT. 

34.  The  manner  of  firing  and  feeding  a  boiler  has  much  to 
do  with  its  steaming  qualities.  To  get  the  best  results,  these 
two  operations  must  be  performed  in  harmony;  that  is,  the 
engineer  should  aim  to  feed  the  boiler  in  such  a  way  as  to  assist 
the  fireman  as  far  as  possible.  The  fireman,  on  the  other  hand, 
should  see  that  a  good  bright  fire  is  maintained,  especially  when 
the  injector  is  in  use,  and  both  the  firing  and  the  boiler  feeding 
should  be  performed  according  to  the  latest  approved  methods. 

The  fireman  may  be  ever  so  capable,  and  may  do  his  best  to 
better  his  coal  record,  but  if  the  engineer  does  not  perform  his 
work  with  a  view  to  economy,  the  fireman's  efforts  will  come  to 
naught.  He  may  save  by  the  ounce  while  the  engineer  wastes 
by  the  pound  if  they  work  independently  of  each  other;  such  a 
course  would  certainly  be  considered  poor  management. 

Of  all  the  causes  that  make  an  engine  steam  badly,  improperly 
adjusted  draft  appliances  are  probably  the  most  frequent.  How- 
ever, no  set  rule  can  be  given  for  their  adjustment,  as  what  will 
make  one  engine  steami  may  not  help  another. 
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COMBUSTION  AND  FIRING, 


CHEMICATi  EliEMENTS  AJTD  COMPOUNDS. 


GENBRAIj    DEFrsmONS. 

35.  Every  body  or  mass  of  matter  is  either  an  deTnent,  a 
compmmdy  or  a  mixture. 

A  compound  substance  is  formed  by  the  chemical  com- 
bination of  two  or  more  elements,  and  therefore  can  always  be 
decomposed  into  separate  substances.  Water,  for  example,  is  a 
compound  formed  by  the  chemical  combination  of  the  gaseous 
elements  hydrog&ii  and  oxygen,  and  it  can  be  decomposed  into 
these  two  elements  by  passing  a  current  of  electricity  through  it. 
Any  substance  that  can  be  decomposed  into  other  substances  is 
called  a  compound.  Examples  of  compound  substances  are 
wood,  salt,  lime,  and  the  resultant  gases  of  combustion. 

Such  substances  as  cannot  be  decomposed  or  broken  up  into 
separate  substances  by  any  known  means  are  called  elements. 
Silver,  for  example,  is  an  element,  and  it  is  made  up  of  but  one 
substance.  The  innumerable  compound  substances  surround- 
ing us  are  really  made  up  of  a  comparatively  small  number  of 
elements,  only  seventy-four  of  them  having  been  discovered  up 
to  the  present  time.  Some  of  the  more  common  elements  are 
oxygen,  hydrogen,  nitrogen,  carbon,  sulphur,  tin,  lead,  iron, 
copper,  zinc,  gold,  silver,  nickel,  and  mercury.  Of  these,  the 
first  four  form  the  chief  constituents  of  air,  water,  coal,  and 
wood,  and  are  the  only  ones  that  will  be  considered  here.  The 
elements  are  generally  represented  by  symbols,  which  usually 
are  the  first  letter  of  their  names.  Thus,  0  stands  for  oxygen; 
H,  for  hydrogen;  A^,  for  nitrogen;  and  C,  for  carbon. 

Atoms  of  elements  combine  to  form  molecules  of  elementary 
and  of  compound  substances.  An  atom  is  defined  by  chemists 
as  the  least  part  of  an  elementary  substance  that  can  enter  into  or  be 
expelled  from  a  compound.  Atoms  of  the  same  element  are 
always  of  equal  weight  and  volume,  but  they  may  differ  in 
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weight  or  volume,  or  in  both,  from  atoms  of  other  elements. 
They  never  exist  in  a  separate  state,  but  always  combine  with 
one  or  more  atoms  to  form  a  molecule. 

A  molecule  is  the  vmallest  quantity  of  an  dement  or  compound 
that  is  capable  of  a  separate  existence.  It  is  the  physical  unit  of 
matter,  and  can  be  divided  into  its  atoms  only  by  a  chemical 
process.  

EliEMENTS. 

36.  Oxygren. — The  element  oxygen  is  a  colorless,  tasteless, 
inodorous  gas,  at  ordinary  temperatures,  but,  if  subjected  to 
very  great  pressure  and  very  low  temperature,  it  will  be  reduced 
to  a  liquid.  It  is  very  widely  distributed,  and  is  the  most 
abundant  of  all  the  elements,  being  found  in  a  free  state  in  the 
air,  and  in  combination  in  water,  and  is  present  in  most  of  the 
substances  that  form  the  crust  of  the  earth.  It  is  the  only 
element  that  will  support  respiration  (process  of  breathing), 
and  it  is  absolutely  necessary  for  both  animal  and  vegetable  life, 
and  for  purposes  of  combustion. 

37.  Hydrogren. — This,  also,  is  a  colorless,  tasteless,  inodor- 
ous gas,  being  the  lightest  known  substance.  Its  density  is 
.0691,  that  of  air  being  1.  On  account  of  its  lightness,  balloons 
are  generally  filled  with  hydrogen.  It  is  very  widely  distrib- 
uted, forming  about  11  per  cent  of  water,  4.5  per  cent,  of  wood, 
and  about  2  per  cent,  of  coaL  Hydrogen  cannot  support  respi- 
ration, but  still  is  not  poisonous.  It  does  not  unite  rapidly 
with  oxygen  at  ordinary  temperatures,  but,  like  other  com- 
bustible substances,  must  be  heated  to  its  igniting  tempera- 
ture, when  it  bums  with  a  colorless  or  a  slightly  blue  flame, 
forming  water.  It  is  inflammable  when  mixed  with  oxygen, 
and  explodes  when  in  contact  with  a  flame. 

38.  Kitrogren. — This  gas  is  destitute  of  color,  taste,  and 
odor.  It  can  support  neither  combustion  nor  animal  life. 
Although  it  will  not  bum,  yet  it  has  no  poisonous  properties. 
It  is  found  in  a  free  state  in  the  air,  of  which  it  forms  four- 
fifths;  it  is  also  found  in  combination  in  a  large  number  of 
substances,  some  of  the  most  common  of  which  are  saltpeter, 
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sodium  salt,  Chile  saltpeter,  and  ammonia.  Nitrogen  also 
occurs,  in  chemical  combination,  in  most  animal  substances. 
It  acts  as  a  diluent  in  the  air,  and  renders  burning  less  active 
than  it  would  be  in  oxygen  alone. 

39.  Carbon. — At  ordinary  temperatures,  carbon  will  not 
combine  with  any  of  the  elements,  but,  at  high  temperatures,  it 
combines  readily,  especially  with  oxygen,  for  which  it  seems  to 
have  a  very  strong  affinity.  Carbon  occurs  principally  in  com- 
bination with  various  other  elements,  and  in  fact  is  the  central 
clement  of  all  organic  matter,  both  vegetable  and  animal. 
Petroleum  consists  of  a  number  of  compounds  that  contain 
only  carbon  and  hydrogen.  Sugar,  starch,  and  fats  contain  the 
elements — carbon,  oxygen,  and  hydrogen.  Carbon  occurs  in 
the  air  as  carbon  dioxide,  and  in  the  earth  as  calcium  carbon- 
ates, such  as  marble,  limestone,  chalk,  etc.  In  the  free  state, 
carbon  is  found  in  the  shape  of  the  diamond,  and  also  as 
graphite,  or  plumbago.  As  the  diamond,  it  is  the  hardest  sub- 
stance known,  is  insoluble,  is  a  non-conductor  of  electricity, 
and  can  only  be  burned  at  a  white  heat  in  oxygen.  Graphite, 
also,  is  insoluble,  of  a  grayish-black  color,  quite  soft,  a  fairly 
good  conductor  of  electricity,  and  is  used  in  '4ead''  pencils, 
and  also  as  a  lubricant;  it  burns  if  heated  to  a  very  high  tem- 
perature. Carbon  occurs  also  as  charcoal,  coke,  lampblack, 
and,  in  an  impure  state,  as  coal. 


THE    COMPOUNDS-WATBR,    COAL.,   AND    WOOD. 

40.  Water. — Water  is  formed  by  the  chemical  combina- 
tion of  2  atoms  of  hydrogen  with  1  atom  of  oxygen. 
An  atom  of  oxygen  weighs  16  times  as  much  as  an  atom 
of  hydrogen;  therefore,  water  consists,  by  weight,  of  8  parts 
of  oxygen  and  1  part  of  hydrogen,  or  by  volume,  of  2  parts  of 
hydrogen  to  1  part  of  oxygen. 

Water  not  only  occurs  in  the  air  and  on  the  earth,  but  it 
occurs  in  combination  in  many  mineral  substances,  and  also  in 
all  organic  bodies,  forming  from  80  to  90  per  cent,  of  the 
substance  of  which  all  living  things  are  made.  It  is  the  best 
solvent  known,  more  substances  dissolving  in  it  than  in  any 
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other  liquid.  Ab  an  agent  by  means  of  which  the  beat  of  coal 
may  be  converted  into  mechanical  work  through  the  medium 
of  the  steam  engine,  it  has  no  equal,  for  the  reason  that  it  is 
cheap  and  abundant,  and  is  the  most  efficient  absorbent  of  heat 
of  any  known  substance,  hydrogen  alone  excepted,  while  its 
capacity  for  storing  and  retaining  heat  is  exceedingly  great. 
It  is  almost  incompressible,  and  is  a  poor  conductor  of  heat 
and  electricity.  In  cooling,  water  contracts  and  becomes 
denser  until  about  39°  F.  is  reached,  when  its  greatest  density 
is  attained;  further  cooling  now  causes  it  to  expand  until,  at 
32°  F.,  it  freezes  and  becomes  a  solid,  expanding  considerably 
when  in  the  act  of  freezing.  This  expansion  reduces  the 
specific  gravity  of  ice  to  .916,  on  account  of  which  it  floats. 
Pipes  are  often  burst  by  the  expansion  of  the  water  in  them 
while  freezing. 

When  heated,  water  contracts  and  becomes  denser  until 
39°  F.  is  reached,  above  which  temperature  it  expands  and 
becomes  less  dense,  and  boils  at  212°  F.  One  cubic  inch  of 
water  weighs  .03614  pound;  a  column  of  water  of  1  inch 
square  section  and  12  inches  high  weighs  .434  pound;  1  gallon 
of  water  weighs  8.355  pounds;  and  1  cubic  foot  of  water  con- 
tains 7.48  gallons. 

41.  Coal. — The  value  of  any  particular  coal  as  a  fuel 
depends  on  the  quantity  and  calorific  value  of  the  combusti- 
bles that  it  contains. 

By  calorific  value  is  meant  the  heat-producing  value  of 
a  combustible  substance,  or  fuel.  For  example,  laboratory 
experiments  have  demonstrated  that  1  pound  of  carbon  will 
produce  14,500  units  of  heat  in  burning;  and  1  pound  of 
hydrogen,  62,000  units  of  heat.  The  calorific,  or  heat- 
producing,  value  of  carbon,  therefore,  is  said  to  be  14,500 
heat  units,  and  that  of  hydrogen  62,000  heat  units. 

The  quantity  of  heat  produced  by  a  fuel  cannot  be  meas- 
ured directly  in  pounds  or  gallons,  as  in  the  case  of  sub- 
stances; it  must  be  measured  by  the  effect  it  produces.  The 
usual  method  of  measuring  the  amount  of  heat  given  off  by 
the  combustion   of  a  certain  quantity  of  fuel  is  lo  measure 
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the  change  of  temperature  it  produces  in  a  known  weight 
of  water.  The  unit  quantity  of  heat  is  the  quantity  required 
to  raise  the  temperature  of  1  pound  of  water  through 
1°  F.     This  quantity  is  usually  called  a  lieat  unit. 

The  cambtistibley  or  heal-producing^  elements  of  coal  are  car- 
bon and  hydrogen.  Two  kinds  of  coal  may  have  the  same 
percentage  of  combustible  and  ash  and  yet  have  different  heat 
values  as  a  fuel,  for  the  heat  value  depends  on  the  relative 
amounts  of  carbon  and  hydrogen  contained. 

As  a  fuel)  coal  is  classified  as  antliracite,  or  hard,  coal,  and 
bltumlnons,  or  soft,  coal.  The  average  composition  of  coal, 
taking  both  hard  and  soft  into  account,  is  about  as  follows: 

Carbon 86.45% 

Hydrogen 2.00?& 

Oxygen  and  Nitrogen 2.20/t 

Water 3.46% 

Ash 6.90% 

100.00% 

Carbon,  it  will  be  observed,  is  the  chief  ingredient  of  coal;  it 
forms  the  solid  portion — that  which  remains  as  coke  after  the 
other  elements  have  been  separated  from  it  by  the  heat.  The 
hydrogen  is  driven  off  as  a  gas  when  the  coal  is  heated,  and 
forms  water  vapor  by  combining  with  the  oxygen  in  the  air. 
The  ash  is  made  up  of  the  incombustible  impurities  contained 
in  the  coal,  from  which  clinkers  are  formed  by  the  ashes  melt- 
ing when  subjected  to  a  sufficiently  high  temperature. 

Soft  coal  contains  much  less  carbon  than  hard  coal,  but  more 
hydrogen  and  other  substances,  which,  when  the  coal  is  heated, 
are  driven  off  as  a  mixture  of  volatile  gases  and  vapors. 

One  cubic  foot  of  hard  coal,  in  ordinary  sizes,  weighs  about 
54  pounds.  One  cubic  foot  of  soft  coal  weighs  about  51  pounds. 
In  locomotive  boilers,  1  pound  of  coal  evaporates  from  6  to  9 
pounds  of  water,  according  to  the  quality  of  coal,  etc. 

42.  Wood. — As  a  fuel,  wood  is  divided  into  two  classes: 
the  hard  woods,  such  as  maple,  oak,  hickory,  etc. ,  and  the  soft 
woods,  such  as  pine,  birch,  poplar,  etc. 
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The  value,  as  fuel,  of  equal  weights  of  different  woods,  when 
equally  dry,  is  very  nearly  the  same.  In  other  words,  1  pound 
of  maple  is  no  better  for  fuel  than  1  pound  of  pine  or  poplar, 
provided  both  contain  the  same  percentage  of  water.  Water  in 
fuel  is  very  detrimental,  every  10  per  cent,  of  moisture  reducing 
its  value  as  a  fuel  about  12  per  cent. 

Wood  cut  in  winter  will  retain,  by  the  end  of  the  following 
summer,  about  40  per  cent,  of  its  water,  while,  after  several 
years  in  a  dry  place,  it  still  retains  from  16  to  20  per  cent,  of  it. 
If  wood  that  has  been  thoroughly  deprived  of  all  moisture  is 
exposed  to  the  outside  atmosphere,  it  will  absorb  about  5  per 
cent,  of  moisture  in  three  days,  after  which  it  will  continue  to 
absorb  moisture  until  it  contains  about  16  per  cent. ;  it  will 
then  absorb  no  more. 

The  chemical  composition  of  the  various  woods  is  nearly  the 
same  for  all,  and  is  about  as  follows  for  ordinary  fire- wood: 


Nitrogen 75?^ 

Water 26.00% 

Ash 1.60?& 


Two  and  one-half  pounds  of  good  dry  wood  is  generally 
assumed  to  evaporate  as  much  water  as  1  pound  of  good  coal. 
A  cord  of  wood  consists  of  a  pile  4  feet  wide,  4  feet  high,  and 
8  feet  long. 


Carbon .     .     . 

.     .     Sl.bOfi 

Hydrogen  .     . 

.     .      4.60?6 

Oxygen      .     . 

.     .     30.76?^ 

MTXTUIUES. 

43,  Definition. — A  mixture  may  consist  of  two  or 
more  elementary  substances,  or  compbund  substances,  or  both 
elementary  and  compound  substances,  mixed  together,  but  not 
combined  chemically.  For  example,  gold  and  silver  filings  may 
be  mixed  together  to  form  a  mixture;  sand  and  iron  filings 
mixed  together  form  another  example;  salt  water  is  another 
instance  of  a  mixture,  while  the  atmosphere  forms,  perhaps,  the 
most  familiar  example  of  all.  Air  is  a  mechanical  mixture,  con- 
sisting of  23  parts,  by  weight,  of  oxygen  to  77  parts  of  nitrogen. 
These  gases  are  not  combined  chemically — they  are  simply 
mixed  together. 
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44.  Air. — The  atmosphere  consists  of  a  fluid,  called  air, 
that  completely  surrounds  the  earth  to  an  estimated  height 
of  about  40  miles.  It  is  held  in  place  by  its  own  weight  The 
weight  of  the  atmosphere  is  such  that  it  exerts  a  pressure  of 
14.7  pounds  per  square  inch  at  the  sea  level — ^a  pressure 
sufficient  to  balance  a  column  of  mercury  30  inches  high,  or  a 
column  of  water  34  feet  high.  This  pressure  is  sufficient  to 
force  the  air  into  all  holes,  crevices,  and  porous  substances,  so 
that  it  penetrates  the  earth  to  a  considerable  depth,  its  density 
increasing  with  the  depth. 

Ordinarily,  pure  air  has  no  color,  taste,  or  odor;  it  consists 
chiefly  of  a  mixture  of  4  volumes  of  nitrogen  and  1  volume  of 
oxygen,  or,  by  weight,  of  about  3.5  parts  of  nitrogen  and  1  part 
of  oxygen.  Besides  nitrogen  and  oxygen,  air  always  contains 
small  amounts  of  carbon  dioxide,  water,  and  also  a  trace  of 
a  lately  discovered  gas  called  argon.  It  is  through  the 
medium  of  the  atmosphere  that  the  oxygen  so  necessary  to 
animal  and  vegetable  life,  and  to  the  process  of  combustion, 
is  furnished  in  its  free  state.  At  62°  F.,  13.14  cubic  feet  of 
air  weighs  1  pound. 

CHEMICAL  COMBINATION. 


GENERATE    PRTNCIPLES. 

45.  When  two  or  more  elements  are  brought  into  contact 
under  favorable  conditions,  they  combine  to  form  a  compound 
substance  unlike  either  of  the  elements.  The  nature  of  the 
compound  will  generally  be  very  different  from  the  nature 
of  the  elements,  so  far,  at  least,  as  we  can  perceive.  For 
example,  hydrogen  bums  in  the  air  with  a  light-blue  flame; 
this  burning  is  a  form  of  chemical  combination  in  which  the 
gaseous  element,  hydrogon,  imites  with  the  gaseous  element, 
oxygen,  of  the  air,  and  forms  water — a  compound  substance 
with  properties  entirely  different  from  those  of  either  oxygen 
or  hydrogen. 

When  elements  combine  chemically  to  form  a  compound 
substance,    heat    Is    always    produced;    when    compound 
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substances  are  decomposed  or  separated  into  their  elements, 
lieat  Is  absorbed.  Thus,  when  carbon  and  oxygen  are 
brought  together  at  a  high  temperature,  they  combine  and  form 
carbon  dioxide;  hydrogen  and  oxygen  combine  and  form 
water;  nitrogen  combines  with  hydrogen  and  forms  ammonia, 
a  gas  that  differs  greatly  from  both  nitrogen  and  hydrogen. 

In  each  of  these  combinations  a  certain  amount  of  heat  is 
produced,  while,  to  separate  the  compounds  into  their  elements 
again,  an  amount  of  heat  exactly  equal  to  that  produced  by 
their  combination  will  be  absorbed. 

The  production  of  heat  during  combination  is  the  result  of 
the  atoms  of  the  elements  coming  rapidly  and  violently 
together,  due  to  a  chemical  attraction  existing  between  them. 
Their  kinetic  energy  is  converted  into  heat  when  they  collide, 
just  as  the  kinetic  energy  of  a  cannon  ball  is  converted  into 
heat  when  it  is  stopped  by  a  target.  Kinetic  energry  is 
energy  due  to  the  motion  of  a  body. 

The  molecules  of  most  elementary  gases,  such  as  hydrogen, 
oxygen,  and  nitrogen,  are  supposed  to  be  made  up  of  2  atoms 
each.  It  is  supposed,  also,  that  equal  volumes  of  all  gases, 
whether  simple  or  compound,  contain  the  same  number  of 
molecules.  For  example,  a  cubic  foot  of  air  contains  the 
same  number  of  molecules  as  a  cubic  foot  of  hydrogen, 
oxygen,  or  steam,  provided  they  are  at  the  same  pressure  and 
temperature. 

When  oxygen  and  hydrogen  are  brought  in  contact  at  a 
sufficiently  high  temperature,  the  attraction  of  the  oxygen  for 
the  hydrogen  becomes  so  great  that  each  molecule  of  oxygen  is 
separated  into  its  2  atoms,  each  of  these  atoms  seizing  2  atoms 
of  hydrogen  and  combining  with  them  to  form  a  molecule  of 
water.  As  an  atom  of  oxygen  combines  with  2  atoms  of 
hydrogen,  in  this  case  2  volumes  of  hydrogen  will  be  required 
for  every  volume  of  oxygen,  and  they  will  not  combine  to  form 
water  in  any  other  proportions.  For  instance,  if  2  volumes  of  * 
oxygen  were  placed  in  contact  with  2  volumes  of  hydrogen, 
1  volume  of  oxygen  would  combine  with  2  volumes  of  hydro- 
gen and  form  2  volumes  of  water  (i.  e.,  water  vapor),  1  volume 
of  oxygen  remaining  uncombined. 
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COMBINATION    BT  WBIGHT. 


46,     A  cubic  foot  of  oxygen  weighs  16  times  as  much  as  a 
cubic  foot  of  hydrogen.     Now,  since  a  cubic  foot  of  oxygen 


TABIiE  I. 


Element. 

Symbol* 

Atomic,  or 
Gombining,  Weight. 

Hydrogen  .     .     . 
Oxygen .... 
Nitrogen     .     ,     . 
Carbon  .... 

H 
0 

N 
C 

1 
16 
14 
12 

contains  the  same  number  of  atoms  as  a  cubic  foot  of  hydro- 
gen, each  atom  of  oxygen  must  weigh  16  times  as  much  as  an 
atom  of  hydrogen. 

The  atomic  weliarht  of  an  element  is  the  ratio  between  the 
weig/it  of  an  atom  of  the  element  and  the  weight  of  an  atom  of 
hydrogen.  It  may  be  found  by  dividing  the  weight  of  a  cubic 
foot  of  the  element,  when  in  a  gaseous  state^  by  the  weight  of 
a  cubic  foot  of  hydrogen. 

The  atomic  weight  of  a  few  of  the  more  common  elements 
is  given  in  Table  I. 

By  the  aid  of  the  atomic  weight,  we  can  find  the  composition, 
by  weight,  of  any  compound  substance  when  its  chemical 
formula  is  known.  The  formula  for  water  is  H^O',  this  tells  us 
that  2  atoms  of  hydrogen  have  combined  with  1  atom  of 
oxygen  to  form  water.  The  weight  of  the  2  atoms  of  hydrogen 
being  2,  that  of  1  atom  of  oxygen  will  be  16.  Water  therefore 
consists  of  2  parts,  by  weight,  of  hydrogen,  and  16  parts,  by 
weight,  of  oxygen,  and  the  molecular  weight  of  water  will  be 
16  +  2,  or  18. 


*For  brevity,  each  of  the  chemical  elements  is  denoted  by  one  or 
more  letters  of  its  name,  called  its  symbol.  A  compound  is  expressed 
by  combining  the  separate  symbols  of  its  elements;  such  a  combina- 
tion  is  called  its  cfitniical  formula. 
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COMBUSTION. 


DEFINmON'. 

47.  Combustion,  or  **  burning,"  as  it  is  properly 
called,  is  a  very  rapid  chemical  combination  of  oxygen  of 
the  air  with  any  combustible  material,  producing  both  heat 
and  light 

Oxygen  has  a  very  strong  affinity  for  most  elements,  and 
especially  for  carbon,  with  which  it  combines  very  rapidly 
whenever  they  come  in  contact  with  each  other  at  a  sufficiently 
high  temperature.  The  more  rapid  the  combination,  the  greater 
is  the  quantity  of  heat  given  off  in  a  unit  of  time,  and,  con- 
sequently, the  higher  the  temperature  produced.  Substances 
with  which  oxygen  combines  readily  are  called  combustibles, 
or  ftiels. 

CABBOX    AKD    HYDROGEN. 

48.  The  combustible  substances  in  coal,  wood,  oil,  etc.  are 
carbon  and  bydrogren.  The  combustion  of  fuel,  therefore, 
18  the  rapid  chemical  combination  of  the  carbon  and  hydrogen  in  the 
fuel  with  the  oxygen  of  the  air. 

Carbon  combines  with  oxygen  in  two  proportions,  forming 
distinct  substances  having  different  chemical  properties. 
(1)  One  atom  of  carbon  may  combine  with  2  atoms  of  oxygen 
and  form  carbon  dioxide  (carbonic-acid  gas),  represented  by 
the  formula  CO,;  or  (2)  1  atom  of  carbon  may  combine  with 
but  1  atom  of  oxygen  and  form  carbon  monoxide  (carbonic 
oxide),  whose  formula  is  CO, 

When  carbon  and  oxygen  combine  to  form  carbon  dioxide, 
complete  combustion  is  said  to  have  been  secured.  When 
it  combines  with  oxygen  and  forms  carbon  monoxide,  there  is 
said  to  be  incomplete  combustion.  Carbon  monoxide  is  a 
very  poisonous  gas;  even  when  but  a  very  small  volume  is 
present  in  the  air,  it  quickly  produces  insensibility  and  death. 

Carbon  dioxide  is  formed  when  carbon  is  burned  in  a 
sufficient  supply  of  air,  that  is,  when  oxygen  is  present  in 
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Buch  quantities  that  each  atom  of  carbon  can  have  2  atoms  of 
oxygen  with  which  to  combine. 

Carbon  monoxide  may  be  formed  in  two  ways:  by  burning 
carbon  in  an  insufficient  supply  of  air,  or  by  reducing  carbon 
dioxide  to  carbon  monoxide  by  passing  it  over  heated  carbon. 
In  the  latter  case,  each  molecule  of  oxygen  combines  with  an 
atom  of  carbon  and  forms  2  molecules  of  carbon  monoxide. 

The  chief  gaseous,  constituent  of  coal  is  what  is  called 
carbureted  hydrogren;  it  consists  of  4  atoms  of  hydrogen 
and  1  of  carbon  in  chemical  combination. 

When  carbureted  hydrogen  is  heated  to  its  igniting  temper- 
ature, the  atoms  of  hydrogen  and  carbon  are  separated,  and  each 
combines  with  oxygen.  Oxygen  has  a  greater  affinity  for 
hydrogen  than  for  carbon,  and,  consequently,  the  hydrogen  is 
the  first  to  combine,  forming  water.  The  carbon  then  combines 
with  the  oxygen  and  forms  carbon  dioxide.  This  is  the  order 
in  which  the  gaseous  portion  of  the  coal  always  bums. 


Am    K£QiriREI>    FOB    COMPI^TE    COMBUSTION. 

49.  Carbon. — Theoretically,  to  completely  bum  carbon, 
12  parts  of  it,  by  weight,  must  combine  with  32  parts  of 
oxygen;  therefore,  for  every  pound  of  carbon  burned,  ff,  or 
2.67,  pounds  of  oxygen  must  be  supplied.     As  only  about 

23  per  cent,  of  the  air  is  oxygen,  -^,  or   11.6,  pounds  of  air 

must  be  supplied  for  every  pound  of  carbon  consumed; 
that  is,  11.6  pounds  of  air  contains  2.67  pounds  of  oxygen, 
and,  theoretically,  should  supply  sufficient  oxygen  to  com- 
pletely bum  1  pound  of  carbon.  The  remainder  of  the  11.6 
pounds  of  air,  viz.,  8.93  pounds  of  nitrogen,  passes  off  with  the 
2.67  +  1,  or  3.67,  pounds  of  carbon  dioxide,  as  the  products 
of  combustion. 

50.  Hydrogren. — The  hydrogen  of  the  fuel  combines  in 
the  proportions,  by  weight,  of  2  parts  of  hydrogen  to  16  parts  of 
oxygen,  forming  water,  which,  of  course,  is  in  the  form  of  vapor. 
One  pound  of  hydrogen  therefore  requires  -y,  or  8,  pounds  of 
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oxygen  for  complete  combustion.     Since  each  pound  of  air  con- 

tains  .23  pound  of  oxygen,  -jr^,  or  34.8,  pounds  of  air  will  be 

required  for  the  complete  combustion  of  1  pound  of  hydrogen. 
The  products  of  combustion  will  be  34.8  —  8,  or  26.8,  pounds 
of  nitrogen,  and  8  +  1,  or  9,  pounds  of  water. 

51.  Carbon  Monoxide. — ^The  combustion  of  a  pound  of 
carbon,  to  form  carbon  monoxide,  requires  but  half  as  much 
oxygen  as  would  be  required  to  form  carbon  dioxide;  therefore, 
but  half  the  air  is  required.  Since  it  requires  2. 67  pounds  of 
oxygen,  or  11.6  pounds  of  air,  to  burn  1  pound  of  carbon  to 
carbon  dioxide,  we  see  that  to  burn  it  to  carbon  monoxide 
would  require  1.335  pounds  of  oxygen,  or  5.8  pounds  of  air, 
and  the  products  of  combustion  would  be  2.335  pounds  of 
carbon  monoxide  and  4. 465  pounds  of  nitrogen. 

52.  Carbon  Dioxide. — Carbon  monoxide,  in  burning  to 

carbon  dioxide,  combines  with  oxygen  in  the  proportions,  by 

weight,  of  28  parts  of  carbon  monoxide  to  16  parts  of  oxygen. 

One  pound  of  carbon  monoxide  therefore  requires  ^J,  or  .57, 

57 
pound  of  oxygen,  or  ^^  =  2.48  pounds   of  air  for  complete 

combustion.  The  products  of  combustion  in  this  case  are: 
1  +  .57y  or  1.57,  pounds  of  carbon  dioxide,  and  2.48  —  .57,  or 
1.91,  pounds  of  nitrogen. 

The  theoretical  quantities  of  oxygen  of  air  necessary  for  com- 
plete combustion  of  various  combustibles,  together  with  the 
products  of  combustion  in  each  case,  are  given  in  Table  II. 


mSAT    OF    COMBUSTION. 

53.  When  carbon  burns  to  carbon  dioxide,  it  combines 
with  the  greatest  amount  of  oxygen  possible,  and  therefore 
produces  its  greatest  quantity  of  heat;  when  it  only  burns  to 
carbon  monoxide,  it  combines  with  but  half  the  oxygen  possi- 
ble, and  produces  less  than  one-third  the  heat  that  would  be 
generated  were  it  burned  to  carbon  dioxide.     This  is  shown  in 
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TABIiE   III. 


Combustible. 


One  Pound  of— 

Hydrogen 

Carbon,  burned  to  carbon  monoxide  .  .  . 
Carbon,  burned  to  carbon  dioxide  .... 
Carbon  monoxide,  burned  to  carbon  dioxide 

Carbureted  hydrogen 

Coal  (average  composition) 

Wood 

Petroleum 


Total  Heat  of 

CombustioD,  in  Heat 

Unite  of  1  Found  of 

Combustible. 


62,000 
4,400 
14,500 
10,100 
23,500 
14,100 
7,950 
21,000 


Table  III,  which  gives  the  total  number  of  heat  units  produced 
by  the  complete  combustion  of  various  combustibles. 

By  completely  burning  the  carbon,  H,600  heal  units  are  produced^ 
while  if  it  is  only  burned  to  carbon  monoxidcy  only  4,^00  heat  units 
are  produced,  that  is,  10,100  heat  units  are  wasted  for  every  pound 
of  carbon  incompletely  burned. 


TEMPERATURE    OF    COMBUSTION. 

64.  Theoretical  Temperatures. — In  Table  III  was 
given  the  total  quantity  of  heat  generated  in  burning  1  pound 
of  a  certain  fuel.  In  Table  II  were  given  the  weight  and 
nature  of  the  products  of  combustion. 

The  above-mentioned  quantity  of  heat  will  heat  the  gaseous 
products  of  combustion  to  a  certain  degree  of  temperature, 
depending  on  their  weight  and  on  the  number  of  heat  units 
necessary  to  raise  1  pound  of  the  gases  1^  F.  Of  course,  as 
the  weight  and  nature  of  the  products  of  combustion  differ 
for  different  fuels,  the  temperatures  due  to  their  combustion 
will  differ. 

The  theoretical  temperature  of  combustion  of  the  following  fuels 
has  been  calculated  on  the  assumption  that  just  enough  air  for 
complete  combustion  is  supplied,  no  allowance  being  made  for 
loeses  of  heat 
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TABIiB  IV, 

Gomboatlble. 

Befoltlng  Temperature 

of  Oombiution  in 

Degrees  Fahr. 

Hydroeen 

6.760 

Carbon,  burning  to  carbon  dioxide 

Carbon,  burning  to  carbon  monoxide      .... 
Carbon  monoxide,  burning  to  carbon  dioxide    . 
Carbureted-hydrofiren  iras 

4,872 
2,668 
6,367 
9,624 
2,867 
4,080 
4.170 

Seasoned  wood 

Averase  bituminous  coal    .    • 

A  verase  anthracite  coal 

Coke  or  charcoal 

4,360 

These  theoretical  temperatures  are  never  attained  in  practice, 
for  the  following  reasons:  Combustion  is  seldom  complete; 
and  excess  of  air  is  always  supplied;  fuel  is  never  entirely 
consumed;  heat  is  lost  by  radiation;  and  moisture  present 
in  the  fuel  absorbs  some  of  the  heat. 

55.  Igrnltlngr  Temperature. — Oxygen  does  not  combine 
with  many  substances  at  ordinary  temperatures.  Usually, 
before  it  will  combine,  the  temperature  of  the  substance  must 
be  raised  to  a  certain  degree,  which  is  generally  different  for 
different  substances.  Some  substances  require  but  a  slight 
increase  in  temperature  before  they  will  combine  with  oxygen, 
while  others  require  to  be  heated  to  a  very  high  temperature. 
Phosphorus,  for  example,  combines  with  oxygen  at  a  tempera- 
ture of  only  150*"  F. ;  sulphur  at  600**  F. ;  wood  at  about 
1,000**  F.;  and  coal  at  about  1,800°  F.  While  the  tempera- 
tures at  which  substances  combine  with  oxygen  differ,  yet  it  is 
always  the  same  for  the  same  substance;  that  is,  a  given  sub- 
stance always  combines  with  oxygen  at  a  certain  temperature^  called 
its  igrnitingr  temperfi^ture. 

When  a  match  is  struck  upon  a  rough  surface,  the  friction 
between  the  match  and  the  surface  generates  sufficient  heat  to 
raise  the  temperature  of  the  phosphorus  of  the  match  to  its 
igniting  temperature,  150°  F.,  when  it  ignites  and  bums;  in 
burning,    it  increases  the  temperature  of  the  sulphur  to  the 
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igniting  temperature,  500"*  F.,  when  the  sulphur  bums;  this 
raises  the  temperature  of  the  wood  next  the  sulphur  to  its 
igniting  temperature,  1,000°  F.,  and  it  in  turn  takes  fire.  It 
will  be  noticed,  however,  that  the  entire  surface  of  the  match  is 
not  ignited  at  the  same  time,  but  that  it  begins  to  burn  next  the 
sulphur  first,  and  gradually  bums  toward  the  other  end  of  the 
match.  The  reason  for  this  is  that  only  a  portion  of  the  wood 
near  the  flame  is  heated  to  the  igniting  temperature.  This 
takes  fire,  and  heats  another  portion  of  the  wood  nearest  it  to 
the  igniting  temperature,  which  in  turn  bums,  and  so  on 
gradually  until  the  match  is  consumed.  The  illustration  of 
the  burning  of  a  match  brings  out  very  nicely  the  fact  that 
every  combustible  substance  has  a  definite  igniting  tempera- 
ture; that  is,  a  temperature  at  which  it  unites  with  oxygen^  and 
bdow  which  it  vnU  not  ignite  or  bum  at  oM, 


COMBUSTION    OF    COAI.. 

56.  Bltuminotis  Coal. — Coal  is  a  compound  substance, 
consisting  chiefly  of  carbon  and  hydrogen,  in  which  elements 
practically  its  entire  heating  properties  lie.  If  these  are  com- 
pletely burned,  the  coal  will  produce  its  greatest  quantity  of 
heat;  while,  on  the  other  hand,  if  they  are  not  completely 
burned,  part  of  the  heat  that  the  coal  should  produce  in  burn- 
ing will  pass  off  as  unbumed  gases  and  smoke. 

One  hundred  pounds  of  average  bituminous  coal  consists  of 
about  80  pounds  of  solid  carbon,  5  pounds  of  hydrogen,  and 
15  pounds  of  oxygen,  nitrogen,  sulphur,  and  ash.  When  this 
coal  is  heated,  the  hydrogen  is  driven  off,  taking  with  it,  in 
combination,  15  pounds  of  carbon,  forming  20  pounds  of  car- 
bureted-hydrogen  gas,  and  leaving  behind  about  65  pounds  of 
solid  carbon.  Thus,  for  every  100  pounds  of  coal  there  are 
about  65  pounds  of  solid  carbon  and  20  pounds  of  carbureted 
hydrogen  to  be  burned,  the  remaining  15  pounds  being  waste, 
partly  in  the  gaseous  form  and  partly  as  solid  matter.  About 
one-fifth,  by  weight,  of  the  coal  is  carbureted-hydrogen  gas, 
which,  as  seen  in  Table  IV,  makes  the  hottest  fire  of  any 
fuel  there  given.  Its  igniting  temperature  is  rather  high,  how- 
ever (about  1,800°  F.),  and  if  any  part  of  the  firebox  is  cooled 
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below  Hub,  part  of  the  gases  will  pass  away  unbumed,  causing 
a  great  waste  of  heat. 

Fresh  coal,  when  thrown  on  the  fire,  absorbs  heat,  which 
raises  its  temperature  and  drives  off  the  hydrogen  and  a  portion 
of  the  carbon,  combined  in  yarious  chemical  unions  known  as 
hydrocarbons  of  which  carbureted  hydrogen  CH^  is  one. 
Before  burning  takes  place,  this  preparatory  process  of  decom- 
position always  occurs,  and  the  products  then  bum  in  a 
certain  regular  order;  the  gases  bum  first,  combining  with 
the  oxygen  of  the  air  to  form  water  and  carbon  dioxide,  while 
the  coke  bums  last,  combining  with  oxygen  to  form  carbon 
dioxide. 

57.  Air  Required  for  Combustion. — For  every  pound 
of  coal  burned  in  a  firebox,  enough  air  must  be  supplied 
to  furnish  sufficient  oxygen  for  the  complete  combustion  of 
.2  pound  of  carbureted-hydrogen  gas,  and  .65  pound  of  carbon. 
Since,  according  to  Table  II,  162  cubic  feet  of  air  are  necessary 
to  supply  sufficient  oxygen  to  completely  bum  1  pound  of 
carbon,  it  will  be  seen  that  .65  X  152,  or  nearly  99,  cubic  feet 
must  be  supplied  in  burning  .65  pound.  To  completely  bum 
.20  pound  of  carbureted  hydrogen,  .20  X  230,  or  46,  cubic  feet 
of  air  must  be  supplied.  The  gaseous  products  of  this  coal 
therefore  require  practically  one-half  as  much  air  for  com- 
bustion as  does  the  solid  carbon  or  coke,  so  that,  to  completely 
bum  1  pound  of  coal,  about  150  cubic  feet  of  air  must 
be  supplied. 

This  is  the  theoretical  quantity  of  air  required,  and  it  is  calcu- 
lated on  the  assumption  that  the  air  is  so  intimately  mixed 
with  the  carbon  and  gases  of  the  fuel  that  all  its  oxygen  com- 
bines with  the  fuel.  Practical  experience,  however,  teaches  us 
that  the  air  does  not  mix  very  thoroughly  with  the  combustible 
parts  of  the  coal  in  the  firebox,  some  of  it  passing  through 
the  tubes  and  up  the  stack,  without  having  an  opportunity 
to  part  with  its  oxygen.  If,  therefore,  only  the  theoretical 
amount  of  air  were  admitted  to  the  firebox,  it  would  not  supply 
sufficient  oxygen  to  completely  burn  the  coal,  and  thus  heat 
would  be  wasted. 
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Practical  experience  in  locomotive  work,  in  fact,  seems  to 
indicate  that  about  250  cubic  feet  (nearly  19  pounds)  of  air 
per  pound  of  coal  is  necessary  to  secure  complete  combustion 
when  admitted  in  the  proper  manner.  A  less  amount  will  not 
give  complete  combustion. 

If  too  much  air  is  admitted  to  the  firebox,  it  wastes  heat 
in  two  ways:  (1)  The  extra  air  is  heated  in  the  firebox  and 
carries  a  great  deal  of  heat  with  it  as  it  escapes  through  the 
stack  at  a  high  temperature.  (2)  In  order  that  this  increased 
volume  of  gases  and  air  may  pass  through  the  tubes  in  a 
given  time,  they  must  acquire  a  greater  velocity,  and  con- 
sequently they  will  have  less  time  in  which  to  impart  their 
heat  to  the  water. 

The  effect  of  admitting  too  much  air  to  the  firebox  can  very 
readily  be  seen  by  opening  the  fire-door,  for  the  large  volume 
of  cool  air  thus  allowed  to  pass  into  the  firebox  absorbs  and 
carries  away  so  much  heat  that  the  steam  pressure  begins  to 
drop  almost  at  once.  The  same  effect  is  noticed  when  holes 
are  allowed  to  form  in  the  fire. 

68.  Regulation  of  Air  Supply. — To  properly  bum  the 
coal,  a  sufiSciently  high  temperature  must  be  maintained,  and 
the  admission  of  the  air  must  be  regulated  in  such  a  way  as  to 
completely  burn  both  the  coke  and  the  gases.  Most  of  the  air 
required  for  burning  this  coke  can  be  supplied  through  the  fire, 
but  the  air  for  burning  the  distilled  gases  and  for  assisting  in 
the  combustion  of  the  upper  layers  of  coal  must  be  supplied 
above  the  fire. 

As  the  air  passes  up  from  the  ash-pan  through  the  grates,  its 
oxygen  combines  with  the  carbon  of  the  coal  and  forms  carbon 
dioxide,  generating  all  the  heat  due  to  this  union.  The  carbon 
dioxide  (which  is  necessarily  at  a  very  high  temperature) 
unites,  in  passing  through  the  upper  layers  of  coke,  with 
another  atom  of  carbon,  and  is  reduced  to  carbon  monoxide, 
heat  being  absorbed  by  the  reduction.  This  carbon  monoxide 
passes  on  up  into  the  firebox,  and  if  there  is  not  suflBcient 
oxygen  present  to  unite  with  it  and  burn  to  carbon  dioxide,  it 
will  pass  away  in  an  unburned  condition,  with  a  resulting  loss  of 
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heat.  If  sufficient  oxygen  is  present,  however,  the  carbon  mon- 
oxide will  combine  with  another  atom  of  oxygen  and  again 
form  carbon  dioxide,  generating  10,000  heat  units. 

It  is  impossible  to  so  regulate  the  thickness  of  the  fire  as  to 
allow  sufficient  air  to  be  admitted  through  the  grates  to  bum 
both  the  coke  and  also  the  volatile  gases  of  the  coal.  The 
greatest  quantity  of  air  is  required  just  after  a  charge  of  coal 
is  put  in,  and,  if  the  fire  is  sufficiently  thin  to  supply  the 
necessary  air  at  that  time,  it  will  supply  too  much  as  soon  as 
the  gases  have  been  burned.  Then,  again,  as  regards  facili- 
tating the  air  supply,  the  fire  would  require  to  be  thinnest 
when  the  engine  was  making  its  greatest  effort,  and,  at  such 
times,  the  exhaust  would  be  most  violent,  and  would  tear  holes 
in  the  fire,  through  which  large  quantities  of  cold  air  would 
flow,  and  so  reduce  the  temperature  of  the  firebox,  besides 
carrying  small  pieces  of  unbumed  coal  into  the  tubes,  thus 
causing  a  still  further  waste. 

To  properly  bum  bituminous  coal,  then,  air  for  the  combus- 
tion of  the  coke  should  be  supplied  through  the  grates,  while  a 
sufficient  quantity  for  the  combustion  of  gases  and  the  upper 
layers  of  coal  should  be  admitted  above  the  fire.  The  front 
damper  of  the  ash-pan  should  be  kept  closed  as  long  as  suf- 
ficient air  can  be  supplied  through  the  back  dampers. 

69.     Consumption     of    Gaseous     Products. — It    has 

already  been  seen  that  100  pounds  of  average  bituminous  coal 
produced,  in  coking,  about  6»5  pounds  of  solid  carbon  and  20 
pounds  of  volatile  gases.  To  secure  the  combustion  of  the  coke 
or  carbon  only,  would  be  a  comparatively  simple  matter;  it 
is  in  the  thorough  burning  of  the  gases  that  the  chief  difficulty 
is  experienced.  To  covvpleidy  bum  the  gases  it  is  necessary: 
(1)  to  maintain  them  at  the  igniting  temperature  while  in 
the  firebox;  (2)  to  admit  sufficient  air  for  their  complete 
combustion;  and  (3)  to  admit  this  air  in  as  small  streams  as 
practicable,  so  that  the  air  and  the  gases  may  mix  as  quickly 
and  completely  as  possible  while  in  the  firebox  and  at  the 
igniting  temperature. 

The  coke  can  take  its  own  time  for  burning,  as  it  remains  on 
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the  grates  until  consumed.  The  gases,  on  the  other  hand,  begin 
their  flight  to  the  tubes  the  moment  that  they  are  distilled;  they 
have,  consequently,  but  a  fraction  of  a  second  in  which  to  mix 
with  the  air  and  burn  before  they  reach  the  tubes.  Km€, 
therefore,  has  a  very  important  influence  on  the  combustion 
of  the  gases,  and  if  they  do  not  have  suflBcient  time  to  mix 
completely  with  the  air  while  in  the  firebox,  and  at  an  igniting 
temperature,  they  pass  off  unconsumed,  as  no  combustion  takes 
place  within  the  tubes.  This  is  why  a  brick  arch  aids 
combustion. 

Air  for  the  combustion  of  the  gases  should  not  be  admitted 
in  large  streams,  as,  for  instance,  when  the  fire-door  is  opened, 
for  in  that  case  it  forms  a  distinct  current  of  cold  air  that  doed 
not  mix  with  the  gases  but  cools  them  below  the  igniting  tem- 
perature, and  they  pass  off  unburned.  When  admitted  in  small 
streams,  the  air  is  heated  quickly  and  becomes  more  thoroughly 
mixed  with  the  gases,  and  complete  combustion  is  then  more 
nearly  secured.  The  volume  of  gases  is  greatest  just  after  coal 
is  put  in;  the  greatest  volume  of  air,  therefore,  should  be 
supplied  at  that  time,  and  the  supply  diminished  as  the 
volume  of  gases  generated  diminishes. 

60.  Temperature  In  Firebox. — The  igniting  tempera- 
ture of  the  gases  given  off  by  the  coal  is  about  1,800°  F.  The 
maximum  temperature  attained  in  the  firebox  of  a  locomotive 
is  from  2,000°  to  2,500°  F.;  therefore,  the  difference  between 
the  igniting  temperature  of  the  gases  and  the  maximum  tem- 
perature in  the  firebox  is  so  small,  comparatively,  that  constant 
care  must  be  exercised  to  prevent  the  temperature  falling  below 
1,800°  F.  It  becomes  necessary,  therefore,  to  judge  of  the  tem- 
perature in  the  firebox  by  the  appearance  of  the  fire,  for  if  the 
temperature  is  known,  the  conditions  of  combustion  may  be 
inferred.  The  appearance  of  the  fire  at  different  temperatures 
is  given  in  Table  V. 

The  theoretical  temperature  of  combustion  of  average  bitumi- 
nous coal  was  given  in  Table  IV,  as  4,080°  F.  As  just 
stated,  the  temperature  attained  by  the  combustion  of  bitumi- 
nous coal   in   the   firebox   of  a  locomotive  is   from   2,000° 
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to  2,500^  F.;  this  difference  between  theoretical  and  actual 
temperatures  is  due  to  the  losses  of  heat  that  take  place  during 
combustion  in  the  firebox.  These  losses  are  as  foUows: 
(1)  heat  is  lost  by  some  of  the  gases  escaping  unbumed,  and 
by  small  pieces  of  coal  dropping  through  the  grates  or  being 

TABLE  V. 


Temjpermture 

in  DcfrrMS 

FahrenheiL 

Appeftimnoc. 

980 
1,290 
1,470 
1,657 
1,830 

Red — ^jflpt  visible. 
Dull  red. 
Dull  cherry  red. 
Full  cherry  red. 
Bright  red. 

Temperature 

In  Degrees     ' 

I     Fahrenheit.    ! 


2,010 
2,190 
2,370 
2,5o0 
2,740 


Dull  orange. 
Bright  orange. 
White  heat. 
White  welding  heat. 
Dazzling  white  heat. 


drawn  through  the  tubes  unconsumed;  (2)  more  air  is  usuaUy 
supplied  than  is  required  for  combustion,  and,  as  this  super- 
fluous air  and  the  resultant  gases  of  combustion  pass  out 
through  the  stack,  they  carry  off  heat,  which  reduces  the  tem- 
perature in  the  firebox;  (3)  there  are  losses  due  to  radiation 
and  convection  of  heat  from  the  boiler;  and  (4)  there  is  the 
absorption  of  heat  by  the  water  in  the  boiler. 

The  heat  absorbed  by  the  water  is  the  chief  factor  in  the 
reduction  of  the  temperature,  and  it  is  due  principally  to  this 
loss  that  a  higher  temperature  is  not  obtained. 


SMOKS. 


FORMATION"    OF     SMOKE. 

61 .  Smoke,  such  as  is  seen  issuing  from  a  chimney  or 
from  the  smokestack  of  a  locomotive,  consists  simply  of  water 
vapor  and  the  gaseous  products  of  combustion,  colored  with 
fine  particles  of  carbon;  the  blacker  the  smoke,  the  more  carbon 
is  j)re8ent  as  coloring  matter. 

The  formation  of  smoke  takes  place  as  follows:  When  a 
quantity  of  fresh  bituminous  coal  is  thrown  into  the  firebox, 
it  absorbs  heat  so  rapidly  that  the  temperature  there  is  reduced 
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below  that  of  ignition  of  the  gases,  which,  as  they  are  driven 
off  from  the  coal,  appear  as  a  dark -yellow  or  brownish-colored 
vapor.  This  vapor  is  not  the  same  as  that  which  issues  from 
the  smokestack,  called  amoke^  but  is  carbureted-hydrogen  gas 
(chiefly  olefiant  gas  and  marsh  gas,  of  about  the  same  nature 
as  the  gas  used  in  house  lighting),  colored  by  tarry  matter, 
sulphur,  and  other  volatile  ingredients. 

When  the  carbureted  hydrogen  attains  the  proper  tempera- 
ture, it  ignites  and  bums  as  a  flame.  The  hydrogen  unites 
with  oxygen  and  passes  off  as  water  vapor,  or  steam;  the 
carbon  liberated  is  partly  consumed,  and  partly  passes  away 
unconsumed  as  small  particles  of  solid  carbon,  called  soot.  It 
is  this  latter  that  colors  the  escaping  gases  of  combustion  and 
forms  what  is  called  smoke. 

Had  sufficient  oxygen  been  present  and  in  contact  with  the 
carbon  while  its  temperature  was  high  enough  for  them  to 
combine,  all  the  carbon  would  have  been  burned  and  the 
formation  of  smoke  prevented.  Smoke  once  formed  is  incom- 
bustible at  firebox  temperatures,  as  the  carbon,  or  soot,  will 
only  bum  at  a  very  high  temperature. 

Smoke  may  be  formed,  even  at  high  temperatures,  if  there  is 
not  suflBcient  oxygen  present  to  combine  with  the  carbon  as  it 
is  liberated;  or  it  may  form,  when  sufficient  oxygen  is  present, 
if  the  temperature  of  the  flame  is  cooled  below  the  igniting  tem- 
perature of  the  carbon  before  the  oxygen  comes  into  contact 
with  it.  The  formation  of  smoke,  due  to  an  insuflScient  supply 
of  air,  may  be  shown  by  placing  a  chimney  over  a  lamp  flame 
and  then  closing  either  end.  The  function  of  a  lamp  chimney 
is  to  produce  an  upward  draft  of  air,  which  is  deflected  against 
the  flame  and  furnishes  a  supply  of  oxygen  sufficient  to  con- 
sume all  the  carbon  while  it  is  at  a  white  heat  in  the  flame. 
If  either  end  of  the  chinmey  is  wholly  or  partially  stopped  up, 
the  flame  will  at  once  begin  to  smoke,  because  there  is  not 
sufficient  oxygen  coming  in  contact  with  it  to  bum  all  the 
carbon,  which  therefore  passes  off  as  soot  or  lampblack.  As 
soon  as  the  obstruction  is  taken  from  the  end  of  the  chimney, 
however,  the  current  of  air  through  it  is  resumed,  and  the 
smoke  ceases. 
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An  example  of  cooling  the  flame  of  a  gas  below  the  igniting 
temperature  of  the  carbon,  thereby  causing  it  to  smoke  when 
an  abundant  supply  of  oxygen  is  at  hand,  may  be  furnished 
by  placing  a  pan  of  cold  water  above  the  flame.  The  water  will 
absorb  heat  from  the  flame  so  rapidly  that  the  temperature  of 
the  flame  will  be  reduced  below  the  igniting  temperature  of  the 
carbon,  which  will  consequently  pass  off  unconsumed  as  soot. 


PREVENTION    OF   SMOKE. 

62«  Carbon,  in  a  gaseous  state,  before  it  is  liberated  from 
the  hydrocarbon  gases  of  the  coal,  is  invisible;  but,  after  the 
hydrocarbons  have  been  broken  up  by  the  heat  and  the  carbon 
is  liberated,  it  appears  in  the  solid  form  as.  black  soot,  and 
forms  smoke.  The  formation  of  smoke,  therefore,  can  be 
prevented  in  two  ways:  (1)  by  completely  burning  all  the 
carbon  as  it  is  liberated  from  the  hydrocarbons,  so  that  none 
will  escape  in  the  solid  form  as  soot;  or  (2)  by  preventing  the 
carbon  from  being  liberated,  allowing  it  to  pass  off  in  the 
invisible  gaseous  state. 

1.  All  the  carbon  can  be  burned  if  suflBcient  oxygen  is 
brought  in  contact  with  it  as  it  is  liberated,  and  at  the  igniting 
temperature.  This  is  the  proper  method  of  preventing  the 
formation  of  smoke,  and  it  will  be  fotmd  very  efficient  if  the 
coal  is  fired  in  small  quantities.  For  instance,  if  only  small 
charges  of  coal  are  fired  at  a  time,  and  at  regular  intervals, 
smoke  will  be  almost  entirely  prevented. 

2.  By  lowering  the  temperature  of  the  firebox  below  the 
igniting  temperature  of  the  hydrocarbons,  these  will  pass  off 
unburned  without  liberating  the  carbon,  and,  consequently, 
without  forming  smoke.  This  is  a  very  expensive  method  of 
preventing  smoke,  however,  as  the  hydrocarbons  furnish  almost 
one-third  the  heat  of  the  coal,  which  heat,  in  this  method, 
is  wasted.  A  good  firebrick  arch,  properly  constructed  and 
applied,  assists  very  materially  in  the  prevention  of  smoke. 

It  will  be  seen  from  what  has  preceded  that  smoke  is  a 
sure  indication  of  imperfect  combustion,  and  consequently  of  a 
waste  of  fuel,  but  that  the  absence  of  smoke  does  not  always 
indicate  complete  combustion.     Generally  speaking,  the  absence 
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of  smoke  indicates  complete  combustion;  yet  it  is  possible  for 
the  combustion  to  be  incomplete  without  smoke  being  formed. 
It  is  not  practicable  to  entirely  prevent  smoke  at  all  times, 
as,  in  order  to  do  so,  an  excess  of  air  must  be  supplied  which 
will  be  more  wasteful  than  if  a  little  smoke  were  allowed 
to  form.  

FIRING. 


PREPARATION    OF    BITUMINOUS    COAL. 

63.  The  preparation  of  bituminous  coal  for  firing  has 
considerable  influence  on  the  completeness  and  rapidity  of  its 
combustion,  and,  consequently,  on  the  temperature  attained  in 
the  firebox,  and  on  the  prevention  of  smoke.  The  rapidity 
with  which  a  lump  of  coal  will  bum  depends,  among  other 
things,  on  the  amount  of  surface  it  presents  to  the  action  of  the 
oxygen  in  the  air;  therefore,  if  the  lump  is  broken  into  a  num- 
ber of  small  pieces,  it  will  present  a  much  greater  surface,  will 
bum  much  faster,  and  will  create  a  much  higher  temperature 
with  the  same  quantity  of  coal  on  the  grates. 

Other  advantages  are  that  the  smaller  coal  can  bespread  more 
evenly  over  the  fire,  a  thinner  fire  can  be  maintained,  and  the 
thickness  of  the  fire  can  be  regulated  more  regularly  for  the 
proper  admission  of  air  through  the  grates,  thereby  securing  a 
higher  and  more  even  temperature  in  all  parts  of  the  firebox, 
and  also  a  better  combustion  of  the  fuel. 

The  coal  should  be  broken  up  to  about  the  bulk  of  a  3-  or 
4-inch  cube,  or,  say,  the  size  of  a  man's  fist,  depending  on  the 
hardness  of  the  coal.  Very  soft  coal  crumbles  and  ignites 
quickly  when  exposed  to  heat,  harder  coal  does  not  crumble, 
and  bums  more  slowly.  If  the  supply  in  the  tender  contains 
much  fine  coal,  such  as  would  be  liable  to  drop  through  the 
grates  or  be  drawn  through  the  tubes  by  the  strong  draft,  it 
should  be  wetted  just  enough  to  insure  its  staying  in  the  fire- 
lx)x  until  it  has  caked  and  bumed.  As  little  water  as  possible 
should  be  used  for  this  purpose,  however,  as  it  all  has  to  be 
converted  into  steam  in  the  firebox,  and,  since  the  heat  neces- 
sary for  this  evaporation  must  be  drawn  from  the  fire,  its 
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evaporation  tends  to  reduce  the  temperature  in  the  firebox, 
besides  wasting  heat  in  the  steam  vapor  as  it  escapes  through 
the  stack.  Of  course,  in  frosty  weather  it  may  not  be  practi- 
cable to  wet  the  coaL  

SYSTEMS   OF   7110X6. 

64.  General  Considerations. — A  locomotive  fireman 
should  always  strive  to  attain  two  objects  while  at  work,  the 
more  important  of  which  is  to  generate  steam  fast  enough  to 
maintain  steam  pressure  under  all  conditions,  in  order  that 
running  time  may  be  made;  the  other  is  to  generate  this  steam 
economically  and  with  the  least  c6nsumption  of  coal.  Economy 
in  the  use  of  coal  is  of  great  importance,  but  in  railroad  service, 
where  the  running  time  is  about  as  fast  as  can  be  made,  or  on 
occasions  when  the  engine  is  loaded  to  its  utmost  capacity,  the 
chief  aim  should  be  to  generate  steam  as  fast  as  it  is  required, 
r^;ardless  of  whether  it  is  done  economically  or  not,  and  with- 
out the  emission  of  smoke.  There  are  always  plenty  of 
opportunities  for  practicing  economy  in  the  consumption  of  coal, 
and  such  opportunities  should  not  be  neglected. 

There  are  two  systems  in  use  for  firing  locomotive  boilers: 
one  is  called  the  coking,  or  bamking^  system,  and  the  other,  the 
spreading  system. 

65.  €k>kinsr  System. — Li  this  system  of  firing,  the  fresh 
coal  is  piled  up  in  the  back  end  of  the  firebox,  where  it  is 
gradually  heated  until  the  gases  are  driven  off.  The  thickness 
of  the  coal  on  the  grate  slopes,  or  decreases,  toward  the  front 
end,  where  a  moderately  thin,  brightly  burning  fire  is  kept  for 
the  combustion  of  the  coal  after  it  has  been  coked.  Air  for  the 
combustion  of  the  coke  in  the  front  end  of  the  firebox  is 
supplied  through  the  grates.  The  gases  liberated  from  the 
pile  of  coal  in  the  back  end  of  the  firebox  rise  up  and  mix 
with  air  that  is  admitted  through  small  holes  in  the  fire-door; 
they  then  mix  and  pass  together  over  the  hot  fire  in  front, 
where  the  gases  are  burned.  When  all  the  gases  have  been 
distilled  from  the  pile  of  coal  in  the  back  end,  it  is  pushed 
forwards  to  be  burned,  and  its  place  filled  with  fresh  coal 
to  be  coked. 
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While  this  system  is  the  more  economical  of  the  two,  it  does 
not  make  steam  as  rapidly  as  the  spreading  system,  and  for 
this  reason  it  is  not  so  generally  used. 

66.  Spreadinsr  Bystem. — This  is  the  system  generally 
used,  on  account  of  its  making  steam  rapidly — a  very  impor- 
tant consideration  in  modern  railroading. 

A  level,  evenly  distributed  fire  is  carried,  the  thickness  of 
which  is  regulated  according  to  the  work  that  the  engine  must 
perform.  In  putting  on  fresh  coal,  it  is  scattered  evenly  over 
the  fire  where  needed,  keeping  the  sides  and  comers  near  the 
sheets  well  covered.  The  firing  is  performed  frequently,  a  small 
quantity  of  coal  being  put  in  at  a  time.  The  air  necessary  for 
combustion  should  be  admitted  both  through  the  grates  and 
above  the  fire.  To  obtain  the  best  results  with  this  system,  the 
fire  must  be  kept  free  from  ashes  and  clinkers,  and  as  thin  aB  is 
consistent  with  the  work  to  be  performed. 


HBAVT   TIBINQ. 

67.  Heavy  chargres  at  long  intervals  are  very  wasteful, 
and  should  always  be  avoided.  When  fresh  coal  is  thrown  on  a 
fire,  it  absorbs  heat  and  has  its  temperature  raised  to  a  certain 
degree;  its  temperature  remains  constant  at  this  point,  but  the 
coal  stiU  absorbs  heat  (the  heat  of  gasification)  until  all  the 
gases  have  been  driven  oflF.  The  first  eflFect  of  putting  coal  on 
a  fire,  then,  is  to  reduce  the  temperature  in  the  firebox;  the 
greater  the  quantity  of  coal  to  a  charge,  the  greater  will  be 
this  effect 

If  a  large  quantity  is  fired  at  one  time,  it  not  only  reduces  the 
temperature  in  the  firebox,  but  a  great  volume  of  gas  is  given 
off  at  a  time  when  the  temperature  is  reduced  below  the 
igniting  temperature  of  the  gases,  and  they  thus  pass  away 
unconsumed.  Then,  again,  the  greater  the  volume  of  gases, 
the  more  diflScult  it  is  to  properly  mix  them  with  air,  and 
consequently  the  harder  it  is  to  effect  complete  combustion 
and  prevent  smoke.  Reducing  the  temperature  in  the  firebox 
has  other  bad  effects,  as  it  causes  contraction  to  take  place  in 
the  firebox  sheets,  which  expand  again  when  the  fire  becomes 
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intensely  hot;  this  contraction  and  expansion  results,  in  the 
course  of  time,  in  leaky  tubes,  cracked  sheets,  and  broken 
staybolts. 

These  effects  will  be  present  in  a  much  less  degree  when  the 
coal  is  fired  in  smaller  quantities,  and  for  this  reason  it  is 
desirable  to  fire  only  a  small  amount  of  coal  at  a  time,  but 
more  frequently.  The  quantity  of  coal  to  be  fired  at  a  time 
will  depend  somewhat  on  its  quality,  on  the  cylinder  capacity 
of  the  engine,  and  on  the  rate  at  which  work  is  being  done.  As 
the  quality  of  the  coal  or  the  rate  of  working  is  liable  to 
change,  the  fireman  must  use  good  judgment  in  regulating 
the  quantity  of  coal  to  a  fire.  No  rule  that  will  cover  all 
conditions  can  be  given,  but,  in  general,  the  best  results  will 
be  obtained  by  firing  as  small  quantities  as  possible  at  a  time, 
say,  one  or  two  shovelfuls,  the  firing  being  done  at  regular 
intervals,  the  length  of  which  will  depend  on  the  conditions 
under  which  the  work  is  being  performed. 

When  firing,  the  fire-door  should  be  closed  after  each  shovel- 
ful, and  it  is  good  practice  to  keep  it  closed  a  few  moments,  both 
in  order  to  give  the  exhaust  a  proper  action  on  the  fire,  and  so 
that  the  temperature  in  the  firebox  will  have  time  to  recover 
from  the  effect  of  the  last  opening,  before  the  door  is  again 
opened.  Every  shovelful  of  coal  should  be  scattered  so  as 
to  spread  over  the  surface  of  the  fire,  where  needed,  as  evenly 
as  possible,  and  the  sides  and  comers  should  be  kept  well 
covered.  If  shovelfuls  of  coal  are  thrown  on  the  fire  in  heaps, 
they  will  burn  slowly,  like  so  many  individual  chunks  of  coal, 
besides  acting  as  a  blanket  at  that  spot,  the  result  being  that 
clinkers  are  formed  and  the  engine  steams  poorly. 


FOBMATION    OF    CL.INK£B. 

68.  Ashes  are  the  incombustible  substances  of  the  coal 
that  remain  after  the  combustible  parts  have  been  burned. 
If  the  ashes  are  allowed  to  accumulate  and  are  subjected  to  a 
high  temperature,  they  melt  and  run  together,  forming  what  is 
known  as  clinker.  An  excessive  amount  of  sulphur  or  iron 
pyrites  is  sure  to  cause  clinker,  unless  the  fire  is  very  carefully 
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handled.  Coal  cannot  be  called  pure  juBt  because  it  does  not 
clinker,  for  this  fa£t  may  be  due  to  excessive  impurities  that 
prevent  it  making  a  fire  sufficiently  hot  to  melt  the  ash,  although 
the  composition  of  the  ash  may  be  such  that  were  it  in  other- 
wise pure  coal  it  would  melt  readily.  On  the  other  hand,  a 
coal  may  clinker  because  it  is  very  pure,  and  therefore  produces 
a  very  high  temperature  when  it  bums,  thus  readily  reducing 
the  ash  to  clinker. 

If  the  coal  is  properly  broken  before  it  is  fired,  and  the  ashes 
prevented  from  accumulating,  the  danger  of  clinkers  forming 
will  be  greatly  decreased.     

SHAKING    THB    ORATES. 

69.  The  rockingr  gyrates  that  are  used  in  soft-coal  loco- 
motives serve  three  important  purposes:  (1)  they  provide  a 
means  of  admitting  air  for  the  combustion  of  the  coal  on  the 
grates;  (2)  they  permit  the  ashes  to  fall,  or  to  be  shaken  into 
the  ash-pan;  and  (3)  they  provide  a  means  of  breaking  the 
clinker  so  that  it  will  fall  into  the  ash-pan  and  leave  an 
unobstructed  passage  through  which  the  air  can  enter. 
Used  with  intelligence,  they  enable  the  fireman  to  maintain 
a  higher  temperature  in  the  firebox  with  less  coal,  as  a  result 
of  which  the  engine  will  steam  much  more  freely  than  it 
otherwise  would. 

The  grates  should  be  shaken  with  short  quick  jerks,  as  by  so 
doing  the  clinker  will  be  broken  up;  if  a  long  slow  rocking 
movement  is  used,  the  grates  will  not  break  the  clinker.  Shake 
the  grates  lightly  and  frequently  enough  to  keep  the  fire  clear  of 
ash  and  clinker,  but  do  not  shake  them  so  vigorously  as  to 
cause  holes  in  the  fire.  This  can  best  be  prevented  by  shaking 
the  grates*  after  a  fresh  fire  has  been  put  in,  and  when  the 
exhaust  is  light.  If  the  grates  are  shaken  when  the  exhaust  is 
sharp,  the  violent  draft  through  the  fire  is  very  liable  not  only 
to  tear  holes  in  it,  but  to  pick  up  small  pieces  of  coal  in 
the  firebox  and  carry  them  into  the  tubes,  or  up  out  of  the 
stack.  This  not  only  wastes  coal,  but  also  causes  a  shower  of 
sparks  to  be  thrown  from  the  stack,  which  is  liable  to  cause 
fires  along  the  road. 
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VTBJSS   TO   FIBJS. 

70.  The  ideal  way  to  perform  the  firing  is  when  the  steam 
pressure  is  high  and  rising,  and  when  the  exhaust  is  light.  If 
fresh  coal  is  put  on  the  fire  when  the  steam  pressure  is  falling, 
it  will  make  the  pressure  fall  all  the  more  rapidly,  because  the 
fresh  coal  reduces  the  firebox  temperature  by  absorbing  heat. 
If  coal  must  be  fired  when  the  steam  is  falling,  break  it  up  very 
fine  and  scatter  it  over  the  fire  a  little  at  a  time.  If  coal  is  put 
in  while  the  exhaust  is  making  a  violent  draft  through  the 
firebox,  the  fine  coal  will  be  drawn  through  the  tubes  without 
even  touching  the  fire  on  the  grates.  Of  course,  it  is  often 
necessary  to  fire  when  the  exhaust  is  extremely  sharp,  but, 
as  far  as  possible,  plan  the  firing  so  as  to  avoid  doing 
so.  In  other  words,  prepare  the  fire  beforehand  for  heavy 
work,  so  that  it  will  not  be  necessary  to  fire  as  frequently  at 
such  times. 

Before  starting  a  train,  the  thickness  of  the  fire  and  its  con- 
dition should  be  such  that  it  will  keep  up  steam  pressure  while 
the  train  is  being  brought  up  to  speed.  While  working  up  to 
speed,  steam  has  to  be  made  very  rapidly.  If,  therefore,  the 
firing  is  done  at  such  times,  the  consequent  admission  of  cold 
air  lowers  the  temperature  in  the  firebox,  as  does  also  the  pres- 
ence of  the  fresh  coal;  and  it  must  be  borne  in  mind  that  a 
reduction  in  temperature  means  a  loss  in  steam  pressure. 

If  possible,  prepare  the  fire  beforehand  for  any  sharp  piece  of 
work  that  the  engine  may  be  called  on  to  perform,  in  which 
case  the  firebox  door  can  remain  closed  until  the  draft  through 
the  fire  is  lighter.  Every  time  the  firebox  door  is  opened,  a 
great  volume  of  cold  air  rushes  in  above  the  fire  and  through 
the  tubes,  cooling  both.  Also,  the  amount  of  air  through  the 
fire  becomes  less,  in  consequence  of  which  the  fire  bums  less 
rapidly,  and  the  temperature  is  still  further  reduced.  Opening 
the  firebox  door,  then,  should  he  avoided  as  much  as  possible^ 
especially  when  it  is  necessary  to  make  steam  rapidly. 

71.  Preparing  for  a  Grade. — If  there  is  along  heavy 
grade,  on  which  it  is  necessary  to  burn  large  quantities  of  coal, 
the  thickness  of  the  fire  should  be  increased  by  light,  frequent 
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filing,  so  that  by  the  time  the  foot  of  the  grade  is  reached  a 
good  clean  fire  of  the  proper  thickness  may  be  burning  and  in 
shape  for  rapid  steam  making.  While  on  the  grade,  as  few 
shovelfuls  as  possible  should  be  scattered  over  the  fire  (where 
needed)  each  time  a  fire  is  put  in,  and  an  inter\'al  of  time 
should  be  allowed  between  each  shovelful  and  its  successor.  It 
is  always  best  to  fire  small  quantities  at  a  time  and  to  renew 
the  fire  often,  when  rapid  steam  making  is  required,  even 
though  it  may  take  up  more  of  the  fireman's  time  to  do  so. 
He  will  be  fully  repaid  for  his  labor  by  the  better  time  made 
and  the  saving  of  coal  effected. 

72.  Firiiig:  In  Stations. — ^As  smoke  is  always  objection- 
able, especially  on  passenger  trains  and  when  standing  at 
stations,  the  last  fire  before  entering  a  station  should  be  put  in 
at  such  a  distance  therefrom  that  all  the  gases  will  have  been 
driven  off  before  the  train  arrives  there. 

If  necessary  to  put  in  a  fire  while  at  the  station,  the  coal 
should  be  well  broken  up  and  fired  in  small  quantities  and  at 
frequent  intervals,  the  blower  being  put  on  just  sufficiently  to 
prevent  smoke.  It  may  be  necessary  to  open  the  firebox  door 
a  little,  also,  until  the  gases  have  been  consumed. 

On  many  roads,  the  fireman's  duties  include  looking  out  for 
signals  while  approaching  and  at  stations.  This  being  a  safety 
precaution,  takes  precedence  over  the  firing  and  must  of  course 
be  attended  to.  

GOOD    FIRING. 

73.  Soft  Coal. — ^To  be  successful  as  a  locomotive  fireman, 
good  judgment  and  intelligence  must  be  combined  with  careful 
management  The  fireman  must  determine  by  experience  the 
thickness  of  fire  to  carry;  the  amount  of  air  necessary  to  give 
the  best  results  and  the  manner  in  which  it  should  be  admitted; 
the  quantity  of  coal  to  fire  at  a  time  and  the  frequency  of 
firing;  and  also  when  to  fire  and  when  to  shake  the  grates.  In 
fact,  there  is  a  constant  call  for  the  exercise  of  good  judgment, 
and  it  is  only  by  the  utmost  diligence  and  careful  observation 
that  the  fireman  can  hope  to  attain  success. 
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Rules  for  his  guidance  can,  at  best,  only  cover  ordinary  condi- 
tions, and  while  he  should  use  them  as  a  basis  from  which  to 
work,  he  should  change  them  so  that  they  conform  to  the  con- 
ditions under  which  he  is  working. 

The  following  Are  a  few  instructions  on  firing,  which,  if  used 
intelligently,  will  give  very  satisfactory  results: 

1.  Break  the  coal  into  small  lumps  before  firing — about  the 
size  of  a  3-inch  cube. 

2.  If  possible,  have  the  fire  in  such  condition  before  starting 
a  train  that  it  will  keep  up  steam  pressure  without  additional 
fuel  being  supplied  while  the  train  is  being  brought  to  speed ; 
by  so  doing,  the  necessity  of  opening  the  fire-door  while  the 
draft  through  the  firebox  is  strong  will  be  avoided. 

3.  Keep  the  grates,  tubes,  and  ash-pan  clean,  thus  securing 
good  draft  and  aiding  the  combustion  of  the  fuel. 

4.  Avoid  heavy  charges.  Fire  frequently,  but  use  small 
quantities  at  a  time,  closing  the  fire-door  for  a  few  moments 
after  each  shovelful.  Scatter  the  coal  over  the  surface  of  the 
fire  where  needed,  and  keep  the  sides  ahd  corners  well  covered. 
Watch  to  see  that  no  holes  form  in  the  fire. 

5.  Shake  the  grates  lightly  and  often  enough  to  keep  them 
free  from  ashes  and  clinkers;  shake  them  just  after  a  fire  has 
been  put  in  and  when  the  exhaust  is  light. 

6.  If  clinkers  form,  remove  them  at  the  first  opportunity. 

7.  Keep  the  firebox  door  open  as  short  a  time  as  possible. 

8.  Keep  a  good  hot  fire  while  the  injector  is  working. 

9.  Carry  on  the  firing  in  such  a  way  as  to  maintain  as 
constant  a  steam  pressure  as  possible.  The  pressure,  even 
when  the  management  is  of  the  best,  may  perhaps  vary  gradu- 
ally  a  small  amount  either  side  of  the  standard,  but  if  it 
changes  rapidly  (either  rising  or  falling),  it  indicates  carelessness 
or  poor  judgment  on  the  part  of  the  fireman  or  engineer,  and 
the  fault,  whatever  it  may  be,  should  be  corrected. 

To  prevent  the  engine  poi>ping:,  increase  the  boiler  feed  and 
close  the  dampers,  or  use  the  heaters  to  heat  the  feedwater  in 
the  tank.  If  possible,  do  not  open  the  fire-door,  but  if  neces- 
sary, open  it  but  slightly,  or  swing  it  back  and  forth  until  the 
danger  of  popi)ing  is  averted.     Experiment  has  demonstrated 
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that,  as  an  average  case,  a  quarter  of  a  pound  of  coal  is  wasted 
every  second  that  an  engine  is  blowing  off,  to  say  nothing  of  the 
waste  of  water. 

Of  course,  if  running  along  the  road,  judgment  should 
be  exercised  in  the  matter  of  turning  on  the  heaters,  for 
if  the  water  is  low  in  the  tank,  it  may  thereby  be  made 
too  hot  for  the  injectors  to  handle.  The  door,  if  opened, 
should  only  be  set  on  the  latch,  or  else  the  sheets  and  tubes 
will  suffer. 

74.  Hard  Coal. — ^The  composition  of  hard  coal  differs 
from  that  of  soft  coal  in  that  it  contains  more  carbon  and  much 
less  hydrogen;  in  consequence  of  this,  but  little  gas  is  given  off, 
and  but  little  smoke  generated  during  its  combustion. 

The  admission  of  air  above  the  fire  is  not  of  such  importance 
as  when  soft  coal  is  being  burned.  Generally,  the  size  of  the 
coal  is  such  that  fairly  good  combustion  can  be  secured  with 
the  air  admitted  through  the  fire.  If  the  size  of  the  coal  and 
the  thickness  of  the  fire  is  such  that  the  supply  of  air  is 
restricted,  the  combustion  will  be  incomplete,  the  following 
taking  place:  The  intense  heat  near  the  grates  will  cause  the 
oxygen  of  the  entering  air  to  combine  with  the  carbon  of  the 
coal  and  form  carbon  dioxide;  but  as  this  passes  upwards  it 
combines  with  another  atom  of  carbon  and  forms  carbon  mon- 
oxide, which  passes  off  unburned  as  an  invisible  gas,  if  the  ail 
supply  is  restricted. 

Good  judgment  is  required  to  properly  regulate  the  thickness 
of  the  fire;  with  hard  coal,  the  proper  thickness  depends  on  the 
size  of  the  lumps  and  quality  of  coal  to  be  burned.  The 
larger  the  lumps,  the  thicker  must  be  the  fire  carried,  as  other- 
wise the  large  openings  between  the  lumps  would  permit  such 
volumes  of  air  to  rush  in  as  to  make  it  impossible  to  keep  up  the 
steam  pressure,  besides  chilling  tlie  sheets  and  tubes;  in  fact,  if 
the  fire  were  allowed  to  become  very  thin,  the  inrush  of  cold  air 
would  kill  it.  If  the  coal  is  of  a  tough  and  '^bony"  nature, 
it  should  be  broken  up  to  about  the  size  of  a  man's  head,  and  a 
thinner  fire  carried — but  not  thin  enough  to  be  torn  into  holes 
by  the  exhaust. 
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In  short,  in  firing  hard  coal,  care  must  constantly  be  exer- 
cised to  keep  the  grate  near  the  sheets  well  covered,  and  to  pre- 
vent the  formation  of  large  air  passages  through  the  fire,  as  the 
admission  of  too  much  air  has  a  great  tendency  to  reduce  the 
temperature  in  the  firebox  below  the  igniting  temperature  of 
the  coaL  The  secret  of  success  as  a  hard-coal  fireman  is  to 
constantly  watch  for  and  prevent  the  formation  of  spots  through 
which  laige  quantities  of  air  can  pass. 


Locomotive  Boilers. 

(PART  2.) 


BOILER   ATTACHMENTS. 

1.  We  shall  now  consider  the  various  fittings  and  appli- 
ances that  are  common  to  all  locomotive  boilers  as  at  present 
constructed,  and  which  may  be  grouped  under  the  head  of 
boiler  attacliineiits. 

Some  of  them  are  strictly  essential;  for  example,  a  means  of 
determining  the  height  of  water  in  the  boiler,  and  also  the 
degree  of  steam  pressure  therein;  an  apparatus  for  renewing 
the  supply  of  water  in  the  boiler;  a  means  of  lubricating 
the  various  working  parts,  etc.  Less  strictly  necessary,  but 
altogether  desirable  in  present-day  practice,  are  such  appliances 
as  sightrfeed  lubricators,  bell  ringers,  sand  blast,  etc.  In  a 
great  many  cases  the  cars  of  the  train  are  heated  by  steam  drawn 
from  the  boiler  of  the  locomotive,  the  flow  therefrom  and  the 
regulation  of  the  pressure  being  controlled  by  the  engineer  by 
means  of  certain  valves  placed  in  the  cab. 

As  occasion  arises,  in  this  and  subsequent  Sections,  each  of 
the  attachments  mentioned  above  will  betaken  up  and  described 
in  detail,  both  the  attachment  itself  and  also  its  method  of 
working  being  considered. 


GAUGES. 


GAUGE-COCKS    AND    WATEB    GAUGE. 

2.  Helgrht  of  Water. — It  is  imperative  that  some  means 
be  provided  whereby  the  height  of  water  in  the  boiler  can  be 
determined  at  any  time,  and  for  this  reason  every  boiler  is  fitted 
with  fi^ng^e-cocks,  and,  in  most  instances,  a  glass  water  gauge, 
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also.  The  gauge-cocks  are  made  of  brass,  and  are  generally 
three  in  number,  although  four  are  sometimes  used.  The  center 
of  the  lowest  gauge-cock  is  usually  placed  3  inches  above  the 
highest  point  of  the  crown  sheet,  although  on  some  engines  it  is 
placed  from  4  to  6  inches  above  the  highest  point.  Whatever 
its  position,  it  is  intended  to  mark  the  lowest  advisable  water 
level;  the  water,  therefore,  should  never  be  allowed  to  drop 
below  the  lowest  gauge-cock.  The  upper  gauge-cock  is  placed 
just  a  little  above  the  intended  water  level,  and  the  middle  cock 
midway  between  the  two.  This  brings  the  gauge-cocks  from  2J 
to  4  inches  apart.  The  water  level  should  not  be  carried  high 
enough  for  the  upper  cock  to  discharge  water,  nor  so  low  that 
steam  will  be  discharged  through  the  lowest  cock.  By  means 
of  the  gauge-cocks,  then,  it  is  possible  to  locate  the  water  level 
approximately.  For  example,  if  the  middle  cock  blows  water 
and  the  upper  one  steam,  it  indicates  that  there  are  more  than 
two  gauges  of  water  but  less  than  three;  if  it  blows  steam  and 
the  lowest  cock  blows  water,  there  is  more  than  one  gauge  but 
less  than  two;  if  the  lowest  cock  blows  steam,  there  is  less  than 
one  gauge;  while,  if  the  upper  cock  blows  water,  there  are  more 
than  three  gauges.  Gauge-cocks,  however,  will  not  tell  us  how 
much  less  than  one  gauge  there  is,  nor  how  much  more  than 
three,  nor  just  where  the  water  stands  between  gauges;  all  this 
is  the  duty  of  the  glass  water  gauge. 

3.  Water  Gaugre. — As  shown  in  Fig.  1  (a),  the  -water 
gauge  consists  of  two  elbow  valves  A  and  By  communicating 
with  each  other  by  means  of  the  glass  tube  C.  This  tube  is 
usually  f  inch  outside  diameter,  J  inch  thick,  and  from  10  to 
15  inches  long;  steam-tight  joints  are  made  between  glass  and 
metal  by  means  of  rubber  gaskets.  On  some  engines  the  lower 
valve  A  is  so  placed  that  the  bottom  of  the  glass  is  at  the  same 
height  as  the  center  of  the  lowest  gauge-cock;  in  other  cases,  it 
is  from  1  to  3  inches  below  that  point.  The  best  practice  is  to 
use  a  glass  of  such  a  length  that  it  will  indicate  water  levels 
both  above  the  highest  and  below  the  lowest  gauge-cocks,  pro- 
vided the  length  required  is  not  so  great  that  the  glass  will 
break  too  readily.     With  such  a  gauge,  the  exact  level  is  known 
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at  which  the  water  threatens  to  expose  the  crown  sheet  or  to 
flood  the  cylmders;  and  knowing  the  exact  water  level,  the 
engineer  can  act  with  better  judgment  in  an  emergency.  The 
gauge  glass,  therefore,  should  be  of  such  a  length,  and  so 
placed,  that  the  upper  end  of  the  glass  will  be  at  least  2  or  3 
inches  above  the  upper  gauge-cock,  and  the  lower  end  of  the 
glass  2  or  3  inches  below  the  lowest  The  valve  B  then  com- 
municates with  the  steam  space  of  the  boiler,  while  the  lower 
valve  A  communicates  with  the  boiler  below  the  water-line. 

In  the  lower  part  of  A  is  fitted  a  blow-off  cock.  When 
valves  A  and  B  are  open,  water  flows  in  through  the  lower 
valve  and  assumes  a  position  in  the  glass  on  a  level  with  the 
surface  of  the  water  in  the  boiler,  thus  indicating  its  height. 
As  long  as  the  glass  is  in  working  condition,  the  water  within  it 
will  keep  playing  up  and  down,  due  to  variations  of  water  level 
caused  by  the  motion  of  the  engine;  if  it  ceases  to  fluctuate 
while  the  boiler  is  working,  the  glass  should  be  examined 
at  once. 

Another  type  of  water  glass  is  shown  in  view  (6),  in  which 
a  copper  tube  is  attached  to  the  upper  end  at  C  and  extends 
over  on  top  of  the  boiler,  where  a  globe  valve  B  is  located, 
which  controls  the  admission  of  steam  to  the  top  end  of  the 
glass.  This  arrangement  provides  a  supply  of  condensed 
water  to  the  glass,  which  comes  down  the  copper  pipe  with  the 
steam,  prevents  the  rapid  corrosion  of  the  upper  end  of  the 
glass,  and  keeps  the  glass  clean  by  causing  a  downward  flow 
through  it,  thus  making  its  action  more  certain. 

4.  Water  liOvel. — The  gauge  glass  will  indicate  incorrectly 
(1)  if  the  upper  valve  is  closed'  or  is  stopped  up;  (2)  if  the 
lower  valve  is  closed  or  is  stopped  up  with  scale  or  mud;  (3)  if 
the  upper  valve  is  partly  closed,  or  the  opening  partly  stopped  up, 
so  as  to  obstruct  the  free  flow  of  steam  into  the  glass;  (4)  if 
the  lower  valve  is  partly  closed  or  the  opening  partly  stopped  up 
with  scale  or  mud,  so  as  to  obstruct  the  free  flow  of  water  into 
the  glass.     These  four  cases  will  now  be  considered  separately. 

1.  If  the  upper  valve  is  closed  or  is  stopped  up,  the  steam 
pressure  will  be  shut  off  from  above  the  water  in  the  glass,  and 
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the  pressure  on  the  water  in  the  boiler  will  force  sufficient  water 
into  the  glass  to  fill  it,  and  it  will  remain  full  regardless  of  the 
height  of  water  in  the  boiler.  To  test  for  this  defect,  close  the 
lower  valve,  and  open  the  blow-off  cock  at  the  bottom  of  this 
valve.  If  the  water  runs  out  slowly  and  no  steam  escapes,  it 
indicates  that  the  passage  in  the  upper  valve  is  stopped  up. 

2.  If  the  lower  valve  should  accidentally  be  closed  or 
become  stopped  up,  the  water  level  will  not  fluctuate  in  the 
glass,  which  will  gradually  fill  up  through  condensation  of  the 
steam.  To  test  for  this,  close  the  upper  valve,  open  the  blow-oflF 
cock,  and  let  the  water  in  the  glass  escape.  If  no  water  flows 
after  the  glass  becomes  empty,  the  lower  valve  is  closed,  or  else 
stopped  up. 

3.  The  upper  valve  should  always  be  opened  wide  enough 
to  insure  full  boiler  pressure  on  top  of  the  water  in  the  glass. 
Steam  is  constantly  condensing  in  the  glass,  and,  therefore, 
there  must  be  a  flow  of  steam  into  it  to  maintain  the  pressure. 
If  the  opening  through  the  upper  valve  is  so  small  as  to  throttle 
the  steam  (whether  the  contraction  of  the  opening  is  due  to 
mud  or  dirt,  or  to  the  valve  being  partly  closed),  the  pressure 
of  steam  on  the  water  in  the  glass  will  be  less  than  boiler  pres- 
sure, and  the  glass  will  indicate  a  higher  water  level  than  there 
really  is  in  the  boiler.  For  example,  suppose  the  pressure  in 
the  glass  .  1  pound  less  than  boiler  pressure,  what  effect  would 
it  have  on  the  water  level  in  the  gla«s?  A  column  of  water 
1  inch  high,  at  a  temperature  corresponding  to  a  pressure  of 
160  pounds,  exerts  a  pressure  on  its  base  of  about  .032  pound; 
therefore,  for  every  .032  pound  difference  in  the  pressures 
existing  in  the  glass  and  the  boiler,  respectively,  the  water  level 
in  the  glass  will  rise  1  inch  above  that  in  the  boiler.  With  a 
difference  of  .1  pound,  the  water  level  in  the  glass  will  rise 

~^,  or  about  3  inches  above  the  boiler  water  level.     This 

might  lead  to  serious  results  if  the  glass  alone  were  relied  on, 
as  the  latter  might  indicate  more  than  a  gauge  of  water  when 
in  reality  the  crown  sheet  was  only  barely  covered. 

4.  The  lower  valve  should  always  be  open  wide  enough  to 
insure  a  free  circulation  between  the  boiler  and  the  glass. 
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Should  the  valve  be  partly  closed  or  partly  stopped  up,  the 
circulation  will  be  restricted  and  the  glass  will  not  indicate  cor- 
rectly. The  supply  of  condensed  water  entering  the  top  of  the 
glass  will  tend  to  raise  the  indicated  water  level. 

6.  Points  to  Be  Remembered. — It  should  be  remem- 
bered, then,  that  the  gauge-cocks  and  the  glass  water  gauge 
must  be  kept  clean  and  in  good  working  order;  that,  if  the 
water  level  in  the  glass  is  not  moving  up  and  down  when  the 
engine  is  working,  the  glass  is  not  operating  properly;  that 
the  gauge  glass  alone  should  not  be  depended  on,  but  the  glass 
and  gauge-cocks  worked  in  conjunction;  that  if  both  the  glass 
and  the  gauge-cocks  become  inoperative,  the  engine  is  unsafe  to 
run  until  the  gauge-cocks  are  in  order  again;  that  2^  inches  is 
the  least  depth  of  water  on  the  crown  sheet  that  is  safe;  that 
with  less  than  one  gauge,  or  with  the  water  out  of  sight  in  the 
glass,  it  is  very  unsafe,  as  the  exact  water  level  is  unknown;  and 
that  on  an  up  grade  the  water  level  always  rises  in  the  gauge 
glass  and  descends  when  on  a  down  grade  Allowance  should 
always  be  made  for  this  effect  of  grade  on  the  water  level. 

6.  To  Replace  a  Gaug^e  Glass. — In  case  a  gauge  glass 
breaks,  first  close  the  lower  and  then  the  upper  valve,  to  prevent 
the  escape  of  water  and  steam.  An  old  glass  can  be  removed 
and  a  new  one  put  in  its  place  by  unscrewing  the  packing 
nuts.  In  putting  in  a  new  glass,  care  must  be  taken  not  to 
screw  the  packing  nuts  too  tight  at  first,  as  this  is  liable  to  so 
strain  the  glass  as  to  cause  it  to  break  as  soon  as  it  is  heated. 
Screw  the  nuts  down  gently  at  first,  even  if  there  is  a  little 
leakage  for  a  time;  the  leaks  can  be  attended  to  after  the 
gauge  has  been  in  use  a  short  time,  without  danger  of  breaking 
the  glass.  After  replacing  a  glass,  be  sure  to  open  both  valves. 
Swabbing  a  glass  out  with  glycerine  will  prevent  it  from 
becoming  discolored. 

8TEAM    GAUGE. 

7.  Its  Duty. — The  duty  of  the  steam  gauge  is  to  indi- 
cate the  pressure  of  steam  in  the  boiler  Locomotive  gauges  are 
usually  of  the  Bourdon  type;  a  form  of  this  gauge  is  shown  in 
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Fig,  2;  the  essentia)  parteare  a  brass  or  coppwr  tube  a  of  ellip- 
tical section,  bent  in  the  form  of  a  circle  as  shown,  and  the 
toothed  qnadrant/and  small  pinion  g,  by  means  of  which  the 
motion  of  the  tube  a  is  transmitted  to  the  pointer  P.  The  end  b 
of  the  tube  a  is  fastened  into  the  casting  C,  and  is  held  stationary; 
the  other  end  is  closed  by  a  cap  d,  and  is  free  to  move.  This 
cap  is  connected  to  the  quadrant  /  by  the  rod  e,  the  quadrant 


meshing  with  the  pinion  g.  This  pinion  is  fixed  on  the  same 
spindle  as  the  pointer  F,  and  the  quadrant  /  is  pivoted  at  m; 
therefore,  if  the  end  of  the  tube  at  d  moves,  the  movement  will 
be  transmitted  to  the  pointer  P  through  the  rod  e,  quadrant/, 
and  pinion  g. 

The  boiler  connection  is  made  at  t,  and,  when  pressure  is 
admitted  to  the  gauge,  it  passes  up  i  and  enters  tube  a.  This 
tube  is  elliptical  in  section,  and  the  pressure  tends  to  make  it 
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circular,  the  result  of  this  being  that  the  tube  straightens  out 
somewhat,  and  the  free  end  d  moves  outwards  away  from  the 
stationary  end  6.  This  movement,  in  being  transmitted  to  the 
gauge  pointer,  is  multiplied  by  the  mechanism  used,  so  that 
a  small  movement  at  d  makes  the  pointer  move  through  a 
comparatively  large  space,  thus  facilitating  the  reading.  The 
casting  C  is  extended  upwards,  and  the  various  working  parts 
fitted  to  it;  this  arrangement  not  only  gives  better  results  than 
when  the  parts  are  fitted  to  the  back  of  the  case,  but  it  also 
permits  of  the  case  being  removed  for  the  inspection  or  repairs 
of  the  inside  parts. 

8.  Testing:  and  Adjusting:. — It  is  very  important  that 
the  gauge  should  indicate  correctly,  and  it  ought  therefore  to  be 
tested  occasionally,  and  adjusted  if  required.  To  determine 
whether  or  not  a  gauge  reads  correctly,  it  may  be  compared 
with  a  gauge  that  is  known  to  be  correct,  or  it  may  be  tested 
with  a  column  of  mercury.  The  error  in  a  gauge  may  be 
constant  at  all  pressures,  reading  too  high  or  too  low,  as  the 
case  may  be.  For  instance,  the  reading  may  be  always  just 
say,  4  pounds,  too  high  or  too  low;  or,  on  the  other  hand, 
the  error  may  increase  as  the  pressure  increases,  being,  say, 
2  pounds  out  when  the  gauge  registers  10  pounds,  4  pounds 
out  when  it  registers  20  pounds,  6  pounds  when  registering  30, 
and  so  on. 

If  the  amount  of  error  is  the  same  at  all  pressures,  the  gauge 
may  be  made  to  indicate  correctly  by  giving  a  slight  9et  to  the 
tube,  by  altering  the  position  of  the  scale,  or  by  moving  the 
pointer  on  its  spindle.  If  the  amount  of  error  varies  with  an 
increase  of  pressure,  it  may  be  remedied  by  altering  the  ratio  of 
multiplication  of  the  mechanism,  that  is,  by  changing  the  posi- 
tion of  the  adjustable  connection  h  with  respect  to  the  pivot  m. 

9.  Gauge  Pipe. — ^The  pipe  that  connects  the  gauge  to  the 
boiler  should  be  bent  in  such  a  way  as  to  prevent  the  steam 
from  coming  in  contact  with  the  tube  a,  as  it  has  been  found 
that  the  high  temperature  of  the  steam  injures  the  tube.  If  the 
pipe  is  bent  as  in  Fig.  3  (a)  or  (6),  the  bent  portion  will  fill 
up  with  comparatively  cool  water  condensed  from  the  steam* 
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The  part  of  the  pipe  above  the  bend  being  then  also  filled  with 
the  condensed  water,  the  tube  will  be  protected  from  the  extreme 
heat,  which  affects  the  indications  of  the  gauge. 

10.  Gaugre  Pressure. — The  pressure  recorded  by  a  steam 
gauge  is  not  the  actual  pressure  exerted  by  the  steam  on  the 
inside  of  the  boiler,  but  only  the  nmount  bj  which  it  exceeds 
the  atmospheric  pressure; 

the  pressure  thus  registered 
on  the  gauge  is  spoken  oF 
as  the  gauge  pressure. 
The  true,  or  absolute, 
pressure,  as  it  is  called, 
can  be  found  by  adding 
the  pressure  of  the  atmos- 
phere, about  14.7  pounds 
per  square  inch,  to  the 
gauge  pressure.  Thus,  the 
absolute  pressure  is  equal 
to  the  gauge  pressure 
+  14.7;  BO  that  when  the 
gauge  shows  IGO  pounds, 
the  steam  inside  is  really  '"' 

exerting  a  pressure  of  174.7  pounds,  14.7  of  which  is  coimter- 
acted  by  the  pressure  of  the  atmosphere  ou  the  outside  of  the 
boL'er,  thus  leaving  us  a  net  pressure  in  boiler  of  160  pounds. 

1 1 .  Weight  of  Atmosphere. — The  statement  has  already 
been  made  that  the  atmosphere  exerts  a  pressure,  due  to  its 
weight,  of  about  14. 7  pounds  per  square  inch,  and  that  it  will  con- 
sequently balance  or  support  a  column  of  mercury  30  inches 
high,  or  a  column  of  water  34  feet  high.  This  may  readily 
he  seen  by  taking  a  glass  tube  about  32  idches  long,  closed 
at  one  end,  and  filling  it  with  mercury.  Invert  the  tube, 
putting  a  finger  over  the  open  end,  so  as  to  prevent  the  mer- 
cury from  running  out,  and  place  it  in  a  cup  of  mercury,  as 
shown  in  Fig.  4.  The  mercury  in  the  tube  will  rise  and  fall  a 
few  times,  and  then  come  to  rest  at  a  height  of  about  30  inches 
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above  the  surface  of  the  mercury  in  the  cup.  The  atmosphere 
exerts  an  equal  pressure  upon  every  square  inch  of  surface  of 
the  mercury  in  the  cup,  except  upoii  that  part  of  the  surface 
occupied  by  the  tube.  This  pressure  is  exerted  in  all  direc- 
tions, and,  consequently,  an  upward  pressure  of  14.7  pounds 
per  square  inch  is  exerted  on  the  mercury  in  the  tube.  A  cubic 
inch  of  mercury  weighs  about  .49  pound;  an  upward  pressure, 

14  7 
therefore,  of   14.7  pounds  would  support  —tqj  or  30,  inches 

of  mercury. 

A  column  of  water  1  inch  square  and  1  foot  high  weighs 
about  .434  pound;  if,  therefore,  a  glass  tube  35  feet  long  were 
filled  with  watei  and  inverted   in   a  manner  similar  to  the 

mercury  tube  shown  in  Fig.  4,  the  up- 
ward pressure  exerted  by  the  atmosphere 
on  the  water  in  the  tube  would  support 

14.7 


a    column    of    water 
high,  nearly. 


434' 


or    34    feet 


1 

<ip"i=«  *  12,     Vacuum. — The  space  between 

the  upper  end  of  the  tube  and  the 
mercury.  Fig.  4,  is  called  a  vacuum,  a 
term  used  to  imply  that  the  space  is 
entirely  empty,  and  contains  no  sub- 
stance whatever — solid,  liquid,  or  gaseous. 
If  there  were  a  gas  of  any  kind  there,  no 
matter  how  small  the  quantity  might  be, 
it  would  expand,  fill  the  space,  and  exert 
a  downward  pressure  on  the  top  of  the 
niercurv  that  would  cause  the  column  to 
fall  and  become  shorter,  according  to  the 
amount  of  gas  (or  air)  present.  This 
space  would  then  be  called  a  partial 
vacuum,  since  it  would  not  be  entirely  devoid  of  matter. 
Although  the  height  to  which  a  fluid  such  as  water  or  mercury 
will  stand  or  rise  in  a  tube  depends  on  the  completeness  of  the 
vacuum  therein,  it  must  not  be  supposed  that  the  vacuum 
"sucks  up"  or  raises  the  fluid.     It  is  the  pressure  of  the 


Fig.  4. 
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atmosphere  on  the  surface  of  the  fluid  outside  of  the  tube  that 
forces  it  up  Into  the  tube  and  holds  it  there. 

13.  Measuring  a  Vacuum. — The  general  method  of 
obtaining  a  vacuum  ia  to  pump  the  air  out  of  a  closed  vessel 
by  means  of  a  vacuum  pump;  but  a  perfect  vacuum  can  never 
1h!  obtained  by  this  means,  although  a  close  approach  to  it  can 
be  made.     In  fact,  although  an  approximately  perfect  v 


haa  been  obtained  by  other  means,  yet  a  perfect  vacuum  has 
never  been  obtained,  and  probably  never  will  be. 

The  amount  of  vacuum  obtained  In  any  vessel  may  be  meas- 
nred  by  means  of  a  column  of  mercury,  as  will  be  explained 
with  the  aid  of  Fig.  5,  in  which  7  is  a  vacuum  pump.  This 
Ib  very  similar  to  a  small  force  pump,  the  only  difference  being 
that  in  the  vacuum  puni]>  the  valves  a  and  b  are  arranged  on 
the  opposite  sides  of  the  piston  and  cylinder  wall  to  what  Ihey 
would  be  in  a  force  pump.  The  exhaust  pump  communicates 
through  pipe  c  with  au  air-tight  vessel  2  that  opens  to  the 
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atmoephere  through  the  cock  d,  ^  is  a  glass  tube  more  than 
30  inches  long  and  closed  at  one  end,  the  same  as  in  Fig.  4. 
This  tube  3  has  been  filled  with  mercury,  then  inverted,  and 
after  that  placed  in  the  mercury  e,  as  shown.  Now,  if  the  cock 
d  is  open,  so  that  the  vessel  iB  is  filled  with  air  at  atmospheric 
pressure,  the  pressure  on  top  of  the  mercury  will  force  the 
latter  up  the  tube  to  a  height  of  30  inches.  Suppose  that 
the  cock  d  is  then  closed,  and  part  of  the  air  pumped  out  of 
the  vessel;  the  remaining  air  will  exert  less  pressure  on  the 
mercury  e,  and,  consequently,  the  column  in  the  tube  will  fall 
down  from  30  inches  to  a  height  corresponding  to  the  pressure 
in  the  vessel.  If  still  more  air  is  pumped  out,  the  height  of 
the  column  will  be  lowered  still  more,  and  so  on,  until,  if  all 
the  air  were  removed  from  vessel  2  and  a  perfect  vacuum 
existed  therein,  the  mercury  in  tube  S  would  be  on  a  level  with 
the  mercury  e.  To  lower  the  mercury  column  from  30  to  29 
inches,  therefore,  one-thirtieth  of  the  pressure  in  the  vessel 
must  be  removed;  in  other  words,  instead  of  having  30  inches 
of  i>ressure*  in  the  vessel  there  will  only  be  29  inches  of 
pressure  and  1  inch  of  vacuum.  When  the  column  stands  at 
25  inches  there  will  be  25  inches  of  pressure  and  5  inches  of 
vacuum;  when  the  column  falls  to  20  inches  there  will  be 
20  inches  of  pressure  and  10  inches  of  vacuum,  and  so  on. 
It  will  thus  be  seen  that  the  amount  of  vacuum  in  the  vessel 
is  expressed  as  the  number  of  inches  the  column  has  fallen 
from  its  maximum  height,  30  inches.  Thus,  the  expression 
**18  inches  of  vacuum"  means  that  the  column  has  fallen 
18  inches,  and,  therefore,  only  stands  30  —  18,  or  12,  inches 
high.  For  28  inches  of  vacuum,  the  column  stands  30  —  28, 
or  2,  inclies  high. 

The  usual  method  of  .neasuring  a  vacuum,  however,  is  by 
means  of  a  vaeiiiim  ^aug^e,  the  principle  of  operation  of 
which  is  the  same  as  that  of  the  steam  gauge.  When  the 
pointer  of  a  vacuum  gauge  points  to  the  figure  5  of  the  dial,  it 
indicates  5  inches  of  vacuum,  and  so  on  for  the  other  figures 
on  the  dial. 


*By  **an  inch  of  pressure"  is  meant  that  pressure  which  will  Bustain 
a  column  of  mercurj'  1  inch  high. 
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8AFETT  VALVES. 

14.  Boilere  are  provided  with  safety  valves  in  order  that 
(he  pressure  may  be  relieved  in  case  it  rises  above  the  standard 
amount  Locomotives  are  provided  with  two,  and  sometimes 
three,  safety  valves,  so  that  in  the  event  of  one  becoming  inoper- 
ative the  other  will  take  care  of  the  pressure.  Ordinarily,  these 
valves  are  set  to  blow  off  at  about 

2^  pounds  di£Ference  in  pres- 
sure. The  one  set  at  the  lowest 
pressure  blows  off  first;  if  the 
pressure  still  raises,  the  second 
one  will  open  and  discharge  an 
additional  volume  of  steam. 

CBOSBT    VALVB. 

15.  Description.— In 

Pig.  6  is  shown  the  Crosby- 
safety  valve.  Here  the  valve 
proper  A  A  rests  on  the  two 
annular  flat  seats  B  B,  CC,  being 
held  down  against  the  steam 
pressure  by  the  spring  D,  the 
tension  of  which  is  regulated  by 
screwing  the  bolt  E  in  or  out. 
The  larger  of  the  two  seats  C  0  is 
formed  on  the  upper  edge  of  the 
valve  body,  the  smaller  seat  B  B 
being  formed  on  the  upper  edge 
of  the  cylindrical  chamber  F. 
This  chamber  connects  with  the 
shell  or  body  of  the  valve   by  "' 

means  of  the  hollow  arms  G,  G,  the  passages  E,  H  allowing  the 
steam  to  escape  to  the  atmosphere  when  the  valve  is  open. 

16.  Action. — When  the  pressure  under  the  valve  is  within 
a  pound  or  so  of  the  maximum  allowable  pressure,  the  valve 
lifts  slightly  and  allows  steam  to  escape  pant  the  seat  CCinU) 
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the  space  /  inside  the  casing  J,  and  up  through  the  holes  K  into 
the  atmosphere.    As  the  l)oiler  pressure  increases,  the  valve  rises 
higher  and  steam  flows  into  the  chamber  ^faster  than  it  can 
escape  through  tlie  passages  H,  H,  the  pressure  under  the  valve 
(inside  the  innerseat  IS  B)  thus  iiuickl)'  increasing.     This  addi- 
tional pressure  ovi-rcinues  the  increasing 
resistance  of  tlic  spring  and  forces  the  valve 
wide  open,  quickly  relieving  the  boiler. 

MKAItY    Ml'FFI.El)    VAUT:. 

1 7.    In  Fig.  7  ifi  shown  it  part-sectional 
view    of    the    Mettdy    muflleil    valve. 

The  valve  proper  A  projects  upwards  out 

(if  the  perforated  cusing  J  and   encloses 

tlie  spring  />,  which  kecjm  the  valve  on 

its  seat  B  against  the  steam    pressure. 

The  outside  surface   A  of   the  valve  is 

always   oi>en    to    the    atmosphere,  thus 

avoiding  back  pressure  on  the  valve  when 

steiim  is  blowing  off.     The  design  is  such 

that  when  the  valve  opens,  it  rises  to  a 

Pjy  ^  greater    height    than    is    usual    in    the 

majority  of  safety  valves.     The  escaping 

steam  passes  out  tlirough  the  perforated  casing  without  making 

a  violent  noise;   hence  the  term    "muffled."      The  spring's 

tension  is  adjusted  by  means  of  the  sleeve  nut  A',  the  setecrew  S 

firat  being  slacked  back. 

JXJECTOBS. 

I'ltlNCIPl.KS    OF    (tHKKATION. 

18.     Oeueral  Itemarks. — The  injector  is  an  apparatus 

for  supplying  water  to  steam  buik-rs.  It  was  invented  in  1858 
by  an  eminent  French  scientisi,  Henri  (Jiffard,  and  was  intro- 
duced into  this  country  in  IHiiO  by  Wni.  Sellers  &  Co., 
of  Philadelphia,  Pa. 

On  investigating  the  aclioii  of  the  injector,  it  will  be  found 
that  dry  steam  at  a  given  pressure  enttrs  the  apparatus,  passes 
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through  several  contracted  passages,  raises  one  or  more  check- 
valves,  and  then  forces  water  into  the  boiler  against  a  pressure 
equal  to  or  greater  than  that  which  it  had  when  b^inning  the 
operation.  The  steam,  in  forcing  the  water  through  the  injector 
and  into  the  boiler,  gives  up  its  heat  and  performs  actual 
mechanicul  work  as  truly  as  though  the  steam  acted  on  a  piston 
and  moved  a  pump  plunger  along  with  it.  A  current  of  any 
kind — be  it  steam,  air,  water,  or  other  fluid — has  a  tendency  to 
induce  a  movement,  in  the  same  direction,  of  any  body  with 
which  it  may  come  in  contact.  This  mechanical  principle 
underlies  the  action  of  the  injector.  The  steam,  moving  with 
an  extremely  high  velocity,  imparts  a  portion  of  its  velocity  to 
the  water,  and  gives  it  suflScient  momentum  to  overcome  a 
pressure  even  higher  than  the  original  pressure  of  the  steam. 
Locomotive  blowers,  steam  jets,  siphons,  ejectors,  etc.  are  all 
operated  on  the  same  principle  of  induced  flow.  The  steam 
enters  the  injector  at  a  high  temperature  with  a  great  velocity, 
and,  by  striking  a  cold  mass  of  water,  its  heat  and  speed  will 
both  be  reduced,  at  the  same  time  condensing  the  steam. 
A  great  portion  of  the  velocity  of  the  steam  is  imparted  to  the 
water,  giving  the  latter  sufficient  energy  to  throw  open  the 
check-valves  and  enter  the  boiler  against  high  pressure. 

19.  Action  of  Injector. — The  action  of  an  injector  can 
best  be  explained  by  referring  to  Fig.  8,  which  represents  a 
conventional  form  of  an  injector.  In  the  figure,  A  is  the 
injector,  B  the  boiler,  C  the  water  supply,  D  the  steam  pipe  to 
the  injector,  E  the  water-supply  pipe,  F  the  delivery  pipe,  and 
G  the  boiler  check-valve,  which  is  to  prevent  the  water  in  the 
boiler  flowing  back  into  the  injector. 

In  the  injector,  8  is  the  steam  valve  and  0  the  overflow  valve, 
from  whence  a  passage  leads  to  the  overflow  outlet  x, 

A  lifting  injector  has  two  functions  to  perform:  first,  it 
must  raise  the  water  from  the  source  of  supply  0  into  the 
injector;  and  second,  it  must  force  the  water  from  the  injector 
into  the  boiler.  A  non-lifting  injector  only  has  to  force  the 
water  from  the  injector  into  the  boiler,  since  it  is  always 
filled  with  water. 
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Raising  the  WcUer. — ^To  raise  the  water  the  steam  valve  s  is 
opened  a  small  amount;  this  permits  steam  to  flow  out  of  the 
steam  nozzle  a  into  the  tube  b,  from  whence  it  passes  out 
through  the  overflow  valve  0  and  overflow  x  to  the  atmosphere. 
The  steam  in  flowing  through  the  tube  b  and  to  the  atmosphere 
carries  with  it  some  of  the  air  from  the  water-supply  pipe  £*, 
thus  creating  a  partial  vacuum  there.  As  soon  as  sufficient 
vacuum  is  formed  in  the  supply  pipe,  atmospheric  pressure. 


Fio.  8. 


acting  on  the  water  in  the  tank  C,  forces  water  up  into  the 
injector,  but  as  the  water  has  not  sufficient  velocity  to  open  the 
check- valve  G  against  the  pressure  in  the  boiler,  it  passes  out 
through  the  overflow  valve.  The  injector  is  then  said  to  be 
primed.  The  action  of  the  steam  jet  in  forming  a  vacuum  in 
the  supply  pipe  jB  is  exactly  the  same  as  the  action  of  the, 
blower  in  creating  a  vacuum  in  the  smokebox. 
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Forcing  the  Water. — When  water  appears  at  the  overflow  of 
the  injector  the  steam  valve  is  opened  wide,  which  permits 
steam  to  pass  through  the  injector  in  a  much  larger  volume. 
This  steam  coming  in  contact  with  the  stream  of  water  that 
is  flowing  around  the  steam  nozzle  a  into  the  tube  6,  forces 
the  water  along  with  increasing  velocity  and  the  water  and 
steam  enter  the  tube  e  together.  Here  the  steam  is  condensed 
and  forms  a  vacuum  that  imparts  more  energy  to  the  feed- 
water,  besides  heating  it.  The  steam  in  condensing  in  tube  c 
forms  a  vacuum  of  about  24  inches,  and  it  is  this  vacuum  that 
then  acts  to  raise  the  water.  Since  there  is  a  vacuum  below 
the  overflow  valve  0,  that  valve  is  held  on  its  seat  by  atmos- 
pheric pressure,  and  as  the  steam  and  water  discharge  into 
about  24  inches  of  vacuum,  they  enter  the  injector  at  an 
increased  velocity,  which  results  in  a  slightly  greater  final 
velocity  of  the  water,  which  soon  is  sufficient  to  force  the 
water  into  the  boiler. 

In  starting  an  injector,  the  water  enters  it  at  such  a  low 
velocity  that  the  water  is  unable  to  open  the  boiler  check- valve, 
so  it  passes  out  of  the  overflow  valve  to  the  atmosphere.  The 
water  continues  to  flow  out  of  the  overflow  until  the  steam  has 
imparted  sufficient  velocity  to  the  inflowing  water  to  enable  it 
to  *^form  a  jet"  and  force  its  way  into  the  boiler. 

20.  Temperature  of  Water  Delivered. — ^The  tempera- 
ture at  which  water  will  be  delivered  to  the  boiler  depends  on 
the  steam  pressure,  and  on  the  quantity  of  water  being  deliv- 
ered per  pound  of  steam,  the  feed  water  temperature  remaining 
constant.  Thus,,  if  an  injector  is  worked  at  its  maximum 
capacity,  with  a  steam  pressure  of  30  pounds,  the  temperature 
of  the  water  delivered  to  the  boiler  will  be  about  114**  F. ;  if 
the  pressure  is  200  pounds,  the  temperature  of  the  injected 
water  will  be  about  154°  F.  The  temperature  of  the  water 
delivered  will  increase  as  the  capacity  of  the  injector  is  cut 
down  from  its  maximum  to  its  minimum.  Thus,  under  140 
pounds  steam  pressure,  and  working  at  its  maximum  capacity, 
an  injector  may  deliver  water  at  about  135°  F. ;  while,  if  the 
injector  is  cut  down  to  its  minimum  capacity,  the  water  will  be 
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delivered  at  about  250**  F.  Under  ordinary  working  conditions 
the  water  is  probably  delivered  at  a  temperature  between  160° 
and  200**  F. 

The  highest  temperature  at  which  an  injector  will  lift  the 
feedwater  decreases  as  the  steam  pressure  under  which  the 
injector  is  working  is  increased.  At  low  steam  pressures, 
the  injector  may  raise  water  at  125°  or  130°  F.,  while  at 
140  pounds  and  upwards,  it  is  not  safe  to  heat  the  water 
much  above  110°  F. 

The  number  of  pounds  of  water  delivered  per  pound  of 
steam  decreases  as  the  steam  pressure  is  increased.  At  30 
pounds  steam  pressure,  an  injector  may  dehver  from  20  to  25 
pounds  of  water  per  pound  of  steam,  while  at  140  pounds 
pressure,  it  will  deliver  only  about  13  pounds,  and  at  180  only 
about  11  pounds. 

21.  Classes  of  Injectors. — Injectors  are  divided  into 
two  classes:  n  on -lifting  and  lifting.  A  non-lifting:  inject/or 
must  be  placed  below  the  level  of  the  tank  bottom,  so  that  the 
water  will  flow  into  it  by  virtue  of  its  own  weight,  after  which 
it  will  force  the  water  into  the  boiler.  A  lifting:  Injector 
raises  the  water  to  the  injector,  and  then  forces  it  into  the  boiler. 
The  lifting  injector  is  the  one  most  commonly  used  on  locomo- 
tives in  the  United  States. 

The  majority  of  non-lifting  injectors  are  not  provided  with 
what  is  called  a  priming  jet,  but  simply  with  a  forcing  jet  that 
drives  the  water  into  the  boiler,  it  having  flowed  into  the 
injector  by  gravity,  as  mentioned  above.  The  point  of  over- 
flow is  usually  at  the  level  of  the  injector  body,  and  the 
overflow  valve  must  be  closed  when  the  injector  is  not  working. 
Sometimes  the  injector  is  provided  with  a  combined  overflow 
valve  and  heater  cock.  Fig.  9,  connected  by  a  pipe  with  the 
overflow  space  in  the  injector  body,  and  placed  in  the  cab 
within  convenient  reach  of  the  engineer  or  fireman.  This 
injector  can  thus  be  used  as  a  heater,  in  the  same  manner 
as  a  lifting  injector;  also,  the  overflow  is  in  sight  of  the  men 
in  the  cab,  which  is  not  ordinarily  the  case  >vith  other  types 
of  injectors. 
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KATHAir    NON-LIFTINO    IKJXCTOB. 

22.  Description. — Fig.  9  illustrates  a  recent  improved 
form  of  non-lifting  injector;  it  is  known  as  the  29'atlian  M 
type.  It  is  provided  with  a  water-regulating  valve,  and  it  also 
has  a  priming  jet  and  a  steam  valve  within  the  body  of  -the 
injector  itself.  The  injector  overflow  valve  is  not  contained 
within  the  body  of  the  injector,  but  is  usually  placed  in  a  con- 
venient position  inside  the  engine  cab,  and  high  enough  so  sb 
to  be  above  the  highest  level  of  the  water  in  the  tender.  It  is 
connected  with  the  overflow  chamber  in  the  injector  body  by 
means  of  a  pipe.  By  placing  the  overflow  valve  in  the  cab,  it 
is  under  the  direct  observation  of  the  enginemen,  who  can  then 
see  whether  the  injector  is  wasting  water  at  the  overflow, 
and  easily  open  or  close  it  at  will;  hence,'  this  injector  can  be 
used  as  a  heater  as  readily  as  can  a  lifting  injector.  By  placing 
the  overflow  valve  above  the  highest  level  of  the  water  in  the 
tender,  loss  of  water  is  prevented  while  the  injector  is  not 
working,  and  the  overflow  valve  need  not  be  closed  unless  the 
injector  is  used  as  a  heater. 

In  the  following  illustrations  of  the  various  types  of  injectors, 
certain  parts  (the  check- valve,  overflow  valve,  etc. )  that  are 
common  to  all  will  be  denoted  by  the  same  numerals  or  letters 
throughout. 

Referring  to  Fig.  9,  1  is  the  body  of  the  injector;  iP,  the  yoke; 
^,  the  priming  valve  and  nozzle;  ^,  the  steam  valve;  A,  the 
steam  nozzle;  6^  the  intermediate  nozzle;  7,  the  condensing 
nozzle;  8^  the  delivery  nozzle;  P,  the  drain  plug,  usually  a 
petcock;  10 y  the  line  check-valve,  and  11  its  cap;  12^  the  over- 
flow valve;  IS^  the  overflow-valve  handle;  i^,  the  water  valve; 
and  iV,  the  overflow  nozzle. 

Water  connection  from  the  tender  is  made  at  W  and  steam 
connection  from  the  boiler  at  S,  B  is  the  pipe  delivering 
water  to  the  boiler.  H  is  the  handle  for  regulating  the  steam 
supply;  the  water  supply  is  also  regulated  by  a  similar  handle, 
as  shown. 

23.  Method  of  Working:. — When  first  starting  this 
injector,  see  that  the  tank  valve  is  wide  open  and  then  open  the 
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water  valve  24  by  means  of  the  extenfiion  handle  in  cab.  Open 
this  valve  about  one  full  turn,  and  then  the  steam  valve  4  & 
quarter- turn;  this  will  raise  the  steam  valve  oS  its  seat  in  the 
priming  valve  ^  and  allow  steam  to  pass  into  the  priming  valve 
through  the  holes  here  shown,  and  then  down  through  the 
nozzle  of  the  priming  valve.  The  steam,  as  it  issues  from  the 
priming  nozzle,  is  condensed  by  the  incoming  water,  imparting 
to  the  latter  sufficient  velocity  to  carry  the  stream  of  water  and 
condensed  steam  through  nozzles  6  and  7  and  out  through 
overflow  pipe  (shown  dotted)*;  and  so  up  to  and  out  of  the 
overflow  valve  iJ9.  As  soon  as  water  appears  at  the  overflow, 
open  the  steam  valve  4  still  wider,  which  will  lift  the  priming 
valve  S  off  its  seat  and  allow  steam  to  pass  out  through  the 
large  opening  thus  made,  and  down  through  the  steam  nozzle  5, 
This  will  give  the  water  a  still  greater  velocity,  enabling  it  to 
raise  the  check- valve  JO  and  pass  on  into  the  boiler.  Regulate 
the  quantity  of  water  supplied  by  means  of  water  valve  14- 

To  stop  the  injector,  close  the  steam  valve,  leaving  the  water 
valve  as  it  is — ^ready  for  the  next  starting  up  of  the  injector. 
This  will  keep  the  injector  body  full  of  water  and  prevent  scale 
accumulating  on  the  nozzles. 

To  use  as  a  heater^  close  the  overflow  valve  IS  by  turning 
handle  IS  to  the  right,  and  then  open  the  steam  valve  slightly. 
At  all  other  times,  handle  IS  should  be  wide  open.  In  very 
cold  weatheTi  the  plug  9  may  be  replaced  by  a  drain  cock,  for 
the  purpose  of  keeping  the  injector  and  overflow  pipe  free  of 
water  when  not  in  service.  In  such  a  casoi  the  tank  valve 
must  of  course  be  kept  closed. 


lAETlNG   nrjSCTOBS. 

24.  Every  lifting  injector  consists  of  a  lifting  apparatus  for 
raising  the  water,  and  a  forcing  apparatus  for  delivering  the 
water  to  the  boiler.  To  perform  both  functions,  the  injector 
must  contain  (1)  a  steam  nozde,  through  which  the  steam  from 
the  boiler  enters  the  injector;  (2)  a  lifting  tubcy  by  means  of 
which  a  vacuum  is  formed  in  the  suction  pipe  and  the  water 
raised;  (3)  a  comUning-and-condermng  tube,  in  which  the  steam 
and  water  meet^  and  the  steam  is  condensed  and  transmits  its 
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energy  to  the  stream  of  water;  and  (4)  a  delivery  tvbe^  in  which 
the  water  attains  its  maximum  velocity.  These  are  considered 
the  essential  parts  of  a  lifting  injector.  In  some  injectors,  the 
lifting  and  the  combining  tubes  are  separate,  while  in  others 
they  are  combined  and  form  one  tube,  which  is  called  the 
combining  or  condensing  tube. 

A  number  of  different  makes  of  lifting  injectors,  all  operating 
on  the  same  principle,  are  used  on  locomotives,  the  OAio,  Sellers^ 
McmitoTj  Macky  and  Metropolitan  injectors  being  some  of  the 
principal  ones.  Some  locomotives  are  equipped  with  the 
inspirator,  an  instrument  that  performs  the  same  functions  as 
a  lifting  injector.  

OHIO    IKtTECTOR. 

25.  Description. — The  Ohio  li^Jector  is  shown  in  cross- 
section  in  Fig.  10,  in  which  1  is  the  back  part,  and  S  the  front 
part,  of  the  body  of  the  injector;  3,  the  delivery-end  connec- 
tion; 4y  the  primer;  5,  the  steam  valve;  6,  the  steam  nozzle; 
7,  the  lifting  tube;  8,  the  combining  tube;  9,  the  delivery 
tube;  10,  the  line  check-valve;  11,  the  stop-ring  for  limiting 
the  travel  of  the  check- valve;  12,  the  overflow  valve;  IS,  the 
overflow- valve  handle;  14,  the  water  valve;  and  N,  the  overflow 
nozzle.  The  steam  pipe  to  the  injector  is  connected  at  S,  the 
water-supply  pipe  at  FF,  and  the  pipe  that  delivers  the  water  to 
the  boiler  at  B,  The  overflow  chamber  d  is  connected  with 
the  overflow  nozzle  JV  by  a  passageway  in  the  body  of  the 
injector,  as  shown  dotted.  A  waste  pipe  with  a  funnel  on 
the  end  is  brought  up  under  the  nozzle  N,  and  carries  away 
the  waste  water  from  the  overflow. 

26,  Method  of  Working:. — To  start  the  injector,  open 
water  valve  1^,  pull  the  lever  H  back  far  enough  to  just  open 
the  steam  valve  5  slightly,  and,  when  water  appears  at  the  over- 
flow, pull  the  lever  back  as  far  as  it  will  go.  To  stop  the 
injector,  close  steam  valve  6  by  pushing  the  lever  forwards. 
Regulate  the  water  supply  by  means  of  the  water  valve  1j^. 

When  steam  valve  5  is  opened  slightly  in  starting  the  injector, 
steam   flows  into   the  primer  4   through  four  small  holes  a, 
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expands,  and  pushes  the  primer  forwards  until  it  reste  on  its 
seat  in  steam  nozzle  6.  The  steam  then  flows  out  through  the 
primer  4  into  the  lifting  tuhe  7,  where  it  expands,  filling  the 
tuhi*  and  creating  a  partial  vacuum  in  chamher  w  and  supply 
]>ip(»  ]V  hy  carrying  the  air  out  with  it  as  it  pai^ses  through 
the  tuhe  and  out  of  the  overflow.  As  soon  as  sufficient 
vacuum  is  formed  in  the  supply  pipe,  atmospheric  pressure, 
acting  on  the  water  in  the  tank,  forces  water  up  into  the  injector; 
hut  as  the  water  lacks  sufficient  velocity  to  open  the  boiler 
check- valve  against  holler  pressure,  it  passes  out  through  the 
overflow.  The  steam  valve  5  is  then  oi:K?ned  wide,  which  with- 
draws the  primer  from  its  seat  and  permits  steam  to  issue  in 
much  larger  volume  through  the  large  orifice  of  the  steam 
nozzle  6.  The  steam  then  comes  in  contact  with  the  annular 
stream  of  water  that  is  flowing  around  the  steam  nozzle  6  into 
the  lifting  tube,  the  water  is  forced  along  with  increasing 
velocity  by  the  steam,  and  the  water  and  steam  enter  the  com- 
bitiing  tul)(*  8  together,  where  the  steam  is  condensed,  forming 
a  vacuum  there  and  imjmrting  more  energy  U\  and  also  heating, 
the  fc(Ml water.  As  the  steam  condenses  in  the  combining  tube, 
it  forms  a  vacuum  of  about  24  inches,  and  it  is  this  vacuum 
that  then  acts  to  raise  the  water.  The  overflow  valve  is  now 
held  on  its  seat  by  atmospheric  pre^.sure,  and,  as  the  steam  is 
discharging  into  about  24  inches  of  vacuum,  it  enters  the 
injector  at  an  increased  velocity,  which  results  in  a  slightly 
greater  tinal  velocity  of  the  water.  The  shape  of  the  tubes  also 
tends  to  increase  the  velocity  of  the  water. 

In  starting  the  injector,  then,  the  water  enters  the  injector  at 
such  a  low  velocity  that  it  is  unable  to  open  the  boiler  check- 
valve;  so  it  i)ah:s(^s  out  of  the  combining  tube  through  openings 
(or  spills)  h  and  annular  space  c,  thence  through  the  overflow 
valve  12  and  the  overflow  nozzle  A".  This  continues  until  the 
steam  has  imparted  sufticient  velocity  to  the  inflowing  water  to 
enable  it  to  ''form  the  jet"  and  force  its  way  into  the  boiler. 

To  use  aw  a  heater,  close  the  overflow  valve  12  by  means  of 
handle  IS  and  open  steam  valve  5  slightly;  steam  will  then 
enter  the  injector,  and  force  its  way  back  into  the  tank,  if  the 
water   valve  i^   is  open.     This  action  may  be  quickened  by 
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slightly  closing  the  water  valve  IJi.  until  the  jet  is  formed,  when 
it  may  be  opened  the  proper  amount  for  regulating  the  supply 
of  water. 

The  overflow  valve  of  a  single-tube  injector  should  always  be 
left  open,  except  when  the  injector  is  being  used  as  a  heater. 

27.  Tubes. — Both  the  lifting  and  the  combining  tubes  are 
bored  out  tapering,  and  placed  with  their  smaller  end  towards 
the  delivery  tube.  The  delivery  tube  also  is  bored  out  tapering, 
but  its  small  end  e  is  placed  next  to  the  condensing  tube. 
Now,  the  same  quantity  of  water  that  flows  through  the  large 
end  of  the  tube  7  in  a  unit  of  time  must  flow  through  the  small 
end  e  of  the  delivery  tube  in  the  same  length  of  time.  To  do 
this,  the  velocity  of  the  water  as  it  passes  through  e  must  be 
considerably  greater  than  when  it  was  flowing  through  tube  7. 
A  common  example  of  this  principle  is  to  be  seen  in  a  running 
stream  of  water:  where  the  stream  is  wide,  the  current  or  flow 
may  be  slow  and  sluggish;  where  the  stream  is  narrow,  the 
water  flows  faster,  and  rapids  are  formed.  The  same  quantity 
of  water  that  flows  into  the  wide  part  of  the  stream  flows  out 
through  the  narrow  part,  for,  if  it  did  not,  the  narrows  would 
act  as  a  dam  and  raise  the  level  of  the  water. 

28.  Capacity. — The  capacity  of  an  injector  depends 
mainly  on  the  diameter  e  of  the  delivery  tube;  the  distinguishing 
number  of  the  injector  expresses  the  size  of  this  diameter  in 
millimeters.  Thus,  in  a  No.  6  injector  the  diameter  e  would 
be  6  millimeters,  while  in  a  No.  9  injector  it  would  be  9  milli- 
meters. A  millimeter  is  .03937  inch  in  length,  or  nearly 
^  of  an  inch. 

SSLLiERS    INJECTOB. 

29.  Description. — A    sectional    view    of    the    Sellers 

Injector  is  given  in  Fig.  11(a),  in  which  1  is  the  delivery  tube; 
^,  the  combining  tube;  3^  the  steam  nozzle;  and  ^,  the  primer 
or  lifter  steam  nozzle.  Steam  connection  is  made  at  S^  and 
water  connection  at  IF,  B  being  the  delivery  pipe  to  tlie  boiler. 

30.  Method  of  Working:. — To  start  the  injector,  the 
lever  H  is  pulled  backwards  sufficiently  to  move  valve  a  from 
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its  seat  a\  This  permits  steam  to  flow  into  the  lifter  steam 
nozzle  through  the  openings  c,  but  the  stem  h  still  closes  the 
end  of  the  steam  nozzle  S  and  prevents  steam  from  flowing 
through  it.  After  issuing  from  the  primer  -#,  the  steam  enters 
theicombining  tube  ^,  and  escapes  from  the  tubes  through  the 
openings  /,  g^  and  h.  It  then  passes  through  the  overflow 
valve  12  into  chamber  d^  and  thence  through  a  passageway  into 
d!  and  out  at  the  overflow  N^  creating  a  vacuum  in  the  water- 
supply  pipe  TF,  which  causes  the  water  to  rise  up  into  the 
injector  and  pass  out  of  the  overflow.  The  lever  H  is  then 
drawn  all  the  way  back,  thus  withdrawing  the  stem  h  from  the 
steam  nozzle  S.  This  allows  a  larger  volume  of  steam  to  pass 
through  the  steam  nozzle  into  the  combining  tube,  where  it 
comes  in  contact  with  the  water,  which  it  heats,  and  by  which 
it  is  condensed;  it  at  the  same  time  imparts  sufficient  velocity 
to  the  water  to  enable  it  to  open  the  check-valve  10  and  the 
boiler  check,  and  feed  into  the  boiler.  If,  for  any  reason,  the 
injector  ** breaks,"  the  steam  issuing  from  the  steam  nozzle  S 
will  escape  so  freely  through  the  openings  /,  <7,  and  h  as  not  to 
seriously  interfere  with  the  operation  of  the  lifter  steam  nozzle  4, 
which,  consequently,  tends  to  maintain  a  vacuum  in  the  water- 
supply  pipe;  thus  the  injector  will  again  lift  and  force  the 
water  into  the  boiler  as  soon  as  the  cause  of  its  breaking  is 
removed. 

To  use  as  a  heater,  close  the  overflow  valve  12  by  turning 
the  lever  13  up,  open  the  water  valve  i^,  and  also  the  steam 
valve  a. 

When  an  injector  is  working  with  a  high  steam  pressure,  after 
the  jet  is  formed,  and  all  the  water  that  enters  the  mouth  of  the 
combining  tube  2  is  passing  into  the  boiler,  more  water  can  be 
drawn  in  through  the  openings  g  and  h  and  pass  into  the  boiler 
through  the  delivery  tube  1.  The  action  of  the  stream  of  water 
passing  the  openings  g  and  h  draws  this  water  in;  some  is  also 
taken  in  at  /,  a  vacuum  is  created  in  the  chamber  around  the 
tubes  so  that  the  overflow  valve  is  held  on  its  seat  by  the  outside 
air  trying  to  get  into  this  vacuum.  Hence,  it  follows  that  if  a 
supply  of  water  can  be  furnished  to  this  chamber,  it  will 
increase  the  capacity  of  the  injector. 
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Fig.  11  (6)  shows  an  improved  type  of  the  Sellers  injector, 
which  has  a  by-pass  valve  i2  that  allows  water  to  flow  from  the 
suction  pipe  IT  into  the  chamber  ^5  around  the  tubes  where  it 
passes  into  the  combining  tube  through  the  openings  g  and  h, 
thus  adding  to  the  volume  of  the  water  passing  into  the  boiler. 
This  valve  42  is  held  on  its  seat  by  a  spring,  so  that  when 
priming  the  injector,  or  in  case  it  ** breaks,"  the  steam  and 
water  will  not  pass  back  into  the  suction  pipe.  As  soon  as  the 
injector  is  working  and  a  vacuum  is  produced  in  the  chamber  25^ 
the  valve  will  be  lifted  from  its  seat  against  the  tension  of  the 
spring.  In  other  respects  this  type  operates  exactly  like  the 
one  shown  in  Fig.  11  (a). 


MONITOR    INJECTOR. 

31.  Description. — In  Fig.  12  is  illustrated  the  latest  type 
of  the  Monitor  Injector  in  section,  showing  the  arrangement 
of  the  nozzles  and  other  parts.  1  and  2  are  the  front  and  the 
back  parts,  respectively,  of  the  body  of  the  injector;  5,  the  lifter 
valve;  -#,  the  lifter  steam  nozzle;  5,  the  steam  valve;  6^  the 
steam  nozzle;  7,  the  lifting  tube;  8^  the  condensing  tube;  /?, 
the  delivery  tube;  10,  the  line  check- valve;  *S,  the  steam  con- 
nection; Wy  the  water  connection;  and  B^  the  delivery  to  boiler. 

32.  Method  of  Working:. — To  start  the  injector,  open 
the  water  valve  i4,  and  pull  back  the  lever  //  a  short  distance, 
to  raise  the  water;  after  it  appears  at  the  overflow  iV,  draw  the 
lever  back  steadily  until  the  overflow  ceases. 

When  the  lever  is  first  pulled  ])a('k  a  little,  to  raise  the  water, 
the  lifting  valve  S  is  unseated,  and  steam  flows  through  the 
lifting  nozzle  i  and  tube  7  and  out  of  the  overflow,  raising  the 
water  into  the  injector.  The  lever  is  then  pulled  all  the  way 
back,  which  causes  the  nut  n  to  unseat  the  steam  valve  ,5  juid 
pull  back  the  lifter  nozzle  4-  Sufficient  steam  then  enters  the 
tubes  through  the  large  steam  nozzle  6  to  impart  the  necessary 
velocity  to  the  water. 

To  use  as  a  heater^  close  the  overflow  valve  12  and  open  the 
8t«am  valve  5  and  the  water  valve  i^. 
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A  new  type  of  the  Nathan  injector,  called  the  Simplezy  has  a 
by-pass  valve  that  admits  water  from  the  suction  pipe  W  into 
the  chamber  around  the  tube  8.  This  device  is  somewhat  dif- 
ferent in  detail  from  the  one  illustrated  in  Fig.  11  (6),  but  it 
handles  the  water  in  the  same  manner.  A  cock  that  can  be 
turned  with  a  wrench  to  a  closed  position  is  used  to  prevent  the 
water  passing  back  into  the  suction  in  case  the  automatic  valve 
is  disabled. 

MACK    IXJECTOB. 

33.  Description. — The  arrangement  of  the  tubes,  nozzles, 
and  valves  of  a  Mack  injector  is  shown  in  section  in 
Fig.  13,  view  (a),  view  (6)  illustrating  the  lifter  steam  nozzle 
1  separately. 

This  lifter  nozzle  serves  not  only  as  the  primer  tube  but  also 
as  the  steam  valve  for  the  forcing  nozzle.  2  is  the  forcing  steam 
nozzle;  the  screw  handle  H  operates  the  lifter  steam  valve  3 
and  the  steam  valve  and  primer;  4,  is  the  combining  tube  and 
5  the  delivery  tube. 

• 

34.  Method  of  Working:. — To  start  the  injector,  open 
the  water  valve  14]  then  open  the  steam  valve  S  a  little,  to  lift 
the  water,  giving  the  screw  handle  about  a  quarter- turn.  When 
water  shows  at  the  overflow,  continue  to  open  the  steam  valve 
until  the  overflow  ceases.  The  steam  valve  should  not  be 
opened  farther  after  the  overflow  stops.  When  the  handle  H 
is  given  a  quarter- turn,  it  unseats  lifter  steam  valve  5,  as  shown, 
and  steam  passes  through  the  small  ports  a,  view  (6),  and  out 
through  the  lifter  tube  into  the  combining  tube  4,  from  whence 
it  passes  to  the  overflow  nozzle,  raising  the  water.  When  the 
handle  H  is  again  turned  it  pulls  the  primer  1  backwards, 
unseating  the  steam  valve  at  «;  steam  then  flows  through  8,  the 
passages  c,  view  (6),  and  out  of  the  steam  nozzle  2,  forcing 
the  water  into  the  boiler.  The  water  supply  is  regulated  by  the 
water  valve  i4. 

To  use  as  a  heater^  close  the  overflow  valve  12,  and  open  the 
steam  valve  1  and  water  valve  14' 
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METROPOL.ITAK    INJECTOB. 

36.  Description. — In  Fig.  14  is  shown  a  sectional  view 
of  the  Metropolitan  Injector,  a  type  that  differs  considerably 
from  the  others  here  shown,  it  being  what  is  known  as  a 
double-tube  injector.  It  contains  two  sets  of  tubes — a  lifting 
set  and  a  forcing  set,  the  former  of  which  Kfts  the  water  up 
through  the  suction  pipe  and  deHvers  it  to  the  forcing  set  under 
pressure,  this  latter  set  then  forcing  the  water  into  the  boiler. 

In  the  figure,  1  is  the  lifting  jet;  2,  the  lifting  combining 
tube;  3,  the  forcing  jet;  4y  the  forcing  combining  tube;  5,  the 
steam  valve;  6,  the  auxiliary  steam  valve;  10  is  the  check- 
valve,  and  11  its  cap;  12  is  the  intermediate,  and  IS  the  final, 
overflow  valve;  14  and  15  are  the  overflow  valve  stem  and 
lever,  respectively;  S  is  the  steam  connection;  TF,  the  water 
connection;  and  N,  the  overflow. 

The  sectional  view  here  presented  has  been  taken  in  two 
vertical  planes,  so  as  to  show  the  arrangements  of  the  various 
tubes,  and  also  the  overflow  centerpiece,  with  its  levers,  valves, 
etc.,  these  latter  being  situated  on  one  side  of  the  main  body 
of  the  injector,  and  therefore  in  front  of  the  tubes  2  and  4, 
as  viewed  in  the  figure.  It  will  be  noticed  that  the  parts  of 
these  tubes  that  lie  behind  the  overflow  portion  of  the  injector 
are  indicated  by  dotted  lines. 

36.  Method  of  Working. — To  start  the  injector,  pull 
lever  H  back  slightly,  until  the  resistance  of  the  steam  valve  5 
is  felt.  This  allows  steam  that  has  come  in  through  holes  a,  a 
of  the  steam  valve  to  pass  by  auxiliary  valve  6  and  flow  around 
to  the  lifting  jet  i,  as  shown  by  arrows  x.  The  lifting  valve 
l)eing  now  opened  slightly  by  means  of  wheel  G,  allows  steam 
to  flow  through  1  into  the  lifting  combining  tube  2,  and  lift  the 
water  up  through  pipe  W.  The  water  passes  through  tube  2 
and  fills  the  chamber  A,  as  shown  by  the  arrows  y.  When  the 
water  is  lifting  properly  (the  overflow  having  closed),  pull  lever 
H  back  steadily  as  far  as  it  will  go.  The  steam  then  coming 
through  valve  5  and  tube  3  carries  the  water  through  the  forcing 
combining  tube  4,  4  and  on  through  check-valve  10  into  the 
boiler,  as  shown  by  the  arrows. 
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The  lever  H  must  not  be  pushed  in  at  all  with  a  view  to 
r^ulating  the  feed,  but  must  be  pulled  clear  out.  The  feed 
is  regulated  by  the  wheel  0:  to  increase  the  delivery  of  the 
injector,  turn  this  wheel  to  the  left;  to  decrease  it,  turn  the 
wheel  to  the  right. 

To  use  as  a  heater^  close  the  overflow  by  disconnecting  the 
bar  B  from  its  socket  F^  and  pulling  it  (the  bar)  back.  This 
will  close  the  overflow  valve  IS^  and  so  prevent  any  overflow 
taking  place  out  of  the  nozzle  N,  Then  admit  steam  to  the 
injector  by  pulling  lever  H  back  slightly. 


HANCOCK    INSPIRATOR. 

37.  description. — ^An  Inspirator,  or  double-tube  in- 
jector, consists  of  two  parts,  each  of  which  is  essentially  a  single 
injector.  The  first  part^  called  the  lifter,  raises  the  water  and 
delivers  it  to  the  second  part  under  a  head  or  pressure.  The 
second  part,  the  forcer,  takes  the  water  from  the  first  part  and 
forces  it  into  the  boiler. 

Double  injectors  have  this  advantage  over  single  injectors: 
they  are  more  nearly  self- regulating,  since  a  rise  in  boiler  pres- 
sure increases  the  flow  of  steam  through  the  lifter  and  forcer  in 
the  same  proportion.     All  double  injectors  are  lifting  injectors. 

In  Fig.  15  (a)  is  shown  a  sectional  view  of  the  latest  form  of 
Hancock  Inspirator.  1  is  the  lifter  nozzle,  and  2  the  lifter 
tube;  S  is  the  forcer  nozzle,  and  4.  the  forcer  tube;  6  is  the 
lifter  steam  valve;  6,  the  main  steam  valve,  consisting  of  parts  a 
and  h)  7,  the  intermediate  overflow  valve;  5,  the  overflow 
valve;  10,  the  check-valve;  and  H,  the  regulating  valve.  The 
inspirator  should  be  so  placed  that  the  overflow  nozzle  N  will 
be  above  the  level  of  the  water  in  the  tank. 

38.  Method  of  Working:. — To  start  the  inspirator,  the 
lever  H  is  pulled  back  a  short  distance  to  lift  the  water,  after 
which  it  is  pulled  all  the  way  back,  to  force  the  water  into  the 
boiler.  The  quantity  of  water  delivered  is  regulated  by  the 
valve  Hy  the  maximum  quantity  being  delivered  when  the  pin  'p 
on  the  wheel  is  at  the  top.  The  feed  is  reduced  by  turning  the 
valve  to  the  right.     This  valve  takes  the  place  of  the  water  valve 
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in  the  supply  pipe,  nnil  Iiy  means  of  it  the  rate  of  delivering 
wattT  may  be,  regulatctl  from  the  maximum  to  the  minimum 
amount  without  toncliingthp  lever  H.  When  the  lever  is  di-awn 
hack  slightly  to  raise  the  water,  the  lifter  ateam  valve  5  is  drawn 
away  from  its  seat  on  steam  valve  6;  steam  then  flows  from  the 
boiler  through  pipe  .f,  past  valve  5,  through  valve  6,  as  shown 
by  the  arrows,  and  thence  through  the  lifter  steam  nozzle  1. 
The  steam  then  passes  through  tube ;?,  overflow  valves  7  and  5, 
and  out  of  the  nozzle  A',  creating  a  vacuum  in  If  and  raising  the 
water,  which  at  first  flows  out  of  the  overflow  nozzle  also.     The 


Fia.  16  (b). 

lever  H  is  then  pulled  back  to  its  full  extent,  which  opens 
the  main  valvefi  wide  at  both  a  and  b,  while  at  the  same  time  it 
closes  the  overflow  valve  S  [see  Figs.  15  (a)  and  15  (6)],  and 
causes  the  water  in  chamber  A  to  be  put  under  pressure  by  the 
lifting  apparatus.  Steam  then  flows  past  valve  6  at  a  and  h  into 
chamber  c,  and  through  forcer  steam  nozzle  S  and  combining 
tube  4i  where  the  steam  is  condensed  by  the  water,  which  it 
beats,  and  to  which  it  imparts  sufficient  velocity  to  force  the 
boiler  check  iO  open.  Fig.  15  (i)  is  a  view  of  the  inspirator  from 
the  other  side,  showing  how  the  lever  H  is  connected  to  the 
overflow  valve  S  by  connecting-rod  e,  bell-crank  lever  d,  and 
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valve  stem  /.  When  the  lever  is  pushed  forwards  to  close  the 
steam  valve  6^  it  operates  the  bell-crank  lever  and  opens  the 
overflow;  when  it  is  pulled  back  to  open  the  steam  valve, 
it  closes  the  overflow.  In  order  to  prevent  siphoning  water 
through  the  overflow  pipe  when  the  injector  is  shut  oflf,  a  small 
air  hole  is  drilled  in  it. 

To  use  as  a  heater,  throw  back  the  cam  n,  so  as  to  disengage 
the  connecting-rod  from  the  lever,  and  then  pull  the  connecting- 
rod  back  by  hand  to  close  the  overflow;  open  the  regulating 
valve  14)  and  by  means  of  the  lever  H  regulate  the  quantity 
of  steam  to  be  used. 

IXJICCTOR    TROUBLES. 

39.  Conditions  Assumed. — In  discussing  the  difficulties 
that  are  often  experienced  in  the  working  of  injectors,  it  will  be 
assumed  at  the  outset  that  the  injector  itself  is  not  unduly 
worn,  but  is  in  fairly  good  condition,  and  that  the  troubles 
experienced  are  brought  about  by  other  and  various  causes. 
Also,  for  present  purposes,  the  suction  pipe,  hose,  strainer,  and 
boiler  delivery  pipe  and  check-valve  will  be  regarded  as  parts 
of  the  injector,  since  a  disorder  in  any  of  these  affects  the  work- 
ing of  the  injector  itself.  In  searching  for  the  cause  of  a 
trouble,  therefore,  the  suction  and  delivery  pipes  should  be 
carefully  inspected  as  well  as  the  injector. 

40.  Failure  to  Raise  Water. — The  causes  which  prevent 
an  injector  from  raising  water  are: 

1.  Suction  Pipe  Stopped  Up, — ^This  may  be  due  to  a  clogged 
strainer,  collapsed  hose  lining,  or  to  the  pipe  itself  being  stopped 
up  at  some  point.  This  prevents  water  from  coming  through, 
and  is  the  most  frecjuent  cause  of  an  injector  not  priming. 

In  case  the  suction  pipe  is  clogged,  close  the  overflow  valve, 
open  the  steam  valve,  and  blow  steam  back  through  the  pipe 
to  force  the  obstruction  out. 

2.  Leaks  in  Suction  Pipe, — When  this  is  the  case,  air 
enters  and  prevents  the  injector  from  forming  the  necessary 
vacuum  required  to  raise  the  water.  The  remedy  for  this  is 
obvious. 
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3.  WaJter  in  the  Suction  Pipe  Too  Hot — This  may  be  due 
to  a  leaky  steam  valve  in  the  injector,  or  to  leaks  in  the 
boiler  check  and  line  check.  The  purpose  of  the  line  check- 
valve  in  the  injector  is  to  prevent  the  steam  and  hot  water 
from  flowing  back  into  the  injector,  should  the  boiler  check- 
valve  leak. 

The  reason  why  hot  water  in  the  suction  pipe  affects  the 
operation  of  the  injector  is  as  follows:  The  pressure  at  which 
water  boils  depends  on  the  pressure  to  which  it  is  subjected. 
It  has  been  determined  by  experiment  that  water  will  boil 
at  about  380**  F.,  under  a  gauge  pressure  of  180  pounds  per 
square  inch;  at  212®  F.,  when  subjected  to  an  atmospheric 
pressure  of  about  14.7  pounds;  and  at  about  160**  F.,  when  in 
10  inches  of  vacuum.  This  shows  us  that  decreasing  the  pres- 
sure on  the  water  lowers  its  steaming  temperature.  Now,  when 
the  lifting  jet  of  an  injector  is  turned  on,  a  vacuum  is  formed 
in  the  suction  pipe;  and,  if  the  water  there  is  at  a  temperature 
of  160**  to  175°  F.,  it  gives  off  steam  vapor,  which  fills  the 
suction  pipe  and  destroys  the  vacuum. 

To  start  the  injector  priming  under  these  conditions,  turn  on 
the  priming  jet,  close  the  overflow  valve  just  long  enough  for 
the  steam  to  blow  back  into  the  suction  pipe  and  force  the  hot 
water  out  into  the  tank,  then  quickly  open  the  overflow  valve; 
the  cool  water  entering  the  suction  pipe  will  then  rise  and  pass 
out  of  the  overflow. 

4.  Obstruction  in  Tubes, — ^There  may  be  an  obstruction  in 
the  lifting  or  combining  tubes,  or  the  spills  (i.  e.,  openings)  in 
the  tubes  through  which  the  steam  and  water  escape  to  the 
overflow  may  be  clogged  up  with  dirt  or  lime.  In  either  case, 
the  free  passage  of  the  steam  to  the  overflow  will  be  interfered 
with,  and,  consequently,  a  steam  pressure  instead  of  a  vacuum 
will  be  formed  in  the  suction  pipe,  the  extent  of  the  pressure 
depending  on  the  amount  of  obstruction. 

41.  Injector  Primes,  But  Will  Not  Force. — In  some 
cases  an  injector  will  lift  water  but  will  not  force  it  into  the 
boiler  when  the  forcing  steam  valve  is  opened;  or,  it  may  force 
part  into  the  boiler  and  the  rest  out  of  the  overflow.     When  it 
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fails  to  foreo,  tlio  trouble  may  be  due  to  one  or  other  of  the 
following  causes: 

1.  Chol'cd  Hurthm  Pipe  or  Straiyier;  Partially  Closed  Tank 
Valre;  Colin paed  Hose  TJnbuj;  a  Kink  in  Ui£  Hose. — If  the 
suction  pij)e  or  tlu^  strainer  is  partially  choked,  or  the  tank  valve 
is  partially  closed,  or  the  hose  lining  collapsed,  the  injector 
will  be  prevented  from  lifting  sufficient  water  to  con* 
dense  all  the  steam  issuing  from  the  forcer  steam  nozzle.  The 
uncondensed  steam,  therefore,  will  gradually  decrease  the 
vacuum  in  the  combining  tube  until  it  is  reduced  to  about  7  or 
8  inches,  when  the  injector  will  break.  (It  is  to  be  remem- 
bered that,  when  the  injector  is  operating,  it  is  the  vacuum  in 
the  combining  tube  that  causes  the  water  to  be  raised.) 

The  remedy  in  case  the  tank  valve  is  partially  closed  is,  of 
course,  to  open  it.  In  case  of  a  choked  suction  pipe  or  a  col- 
lapscjd  hose  lining,  convert  the  injector  into  a  heater,  and  blow 
the  o])struction  out,  as  already  explained.  If  the  trouble  is 
due  to  a  collapsed  hose  lining  and  cannot  be  remedied  by 
blowing  steam  back  through  it,  it  may  be  overcome  by  turning 
the  hose  end  for  end.  The  hose  should  have  an  easy  curve 
from  the  tender  connection  to  the  suction  pipe;  if  the  hose 
kinks,  it  will  choke  tho  supply  of  water. 

2.  Waiting  at  Overflow, — This,  in  single-tube  injectors,  may 
be  caused  by  either  too  great  or  too  small  a  supply  of  water  for 
the  pressure  of  the  steam.  In  the  first  case,  the  water  will 
come  out  through  the  overflow  only  slightly  warm;  the  remedy 
is  to  reduce  the  su})})ly  of  water  passing  into  the  injector  until 
the  jet  is  formed.  In  the  second  case,  the  water  will  come 
from  the  overflow  at  a  high  temperature  and  mixed  with  steam; 
the  remedy  is  to  increase  the  supj)ly  of  water  or  reduce  the 
supply  of  steam  until  the  jet  forms. 

3.  Suction  Pipe  Leaking. — The  leak  may  not  be  sufficient  to 
entirely  prevent  the  injector  from  lifting  water,  but  the  quantity 
lifted  may  be  insufficient  to  condense  all  the  steam,  which 
therefore  destroys  the  vacuum  in  the  combining  tube.  Or,  the 
water  in  the  combining  tube  not  ])eing  a  solid  stream  will  not 
be  acted  on  by  the  steam  properly  and  the  jet  will  *^ break." 
With  a  restarting  injector  the  jet  will  be  formed  again  as  soon 
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as  the  stream  of  water  becomes  solid  again;  with  other  types  of 
injectors  steam  must  be  shut  off  and  the  injector  restarted. 
A  slight  leak  may  exist  that  will  simply  cut  down  the  capacity 
of  the  injector.  In  such  a  case,  the  injector  will  work  noisily, 
on  account  of  the  overflow  valve  seating  and  unseating  itself  as 
the  pressure  in  the  combining  tube  varies,  due  to  the  leak. 

To  test  for  leaks  in  suction  pipe,  close  the  overflow  valve, 
partly  open  the  steam  valve,  and  then  close  the  tank  valve 
suflBciently  to  produce  a  slight  pressure  in  the  suction  pipe  and 
hose.  Any  leaks  there  may  be  will  then  allow  steam  to  escape, 
and  they  can  therefore  be  located  by  a  close  inspection  of  the 
pipes  and  joints. 

4.  Boiler  Check -Valve  Stuck, — If  completely  closed,  the 
injector  will  raise  water  but  will  not  force  it. 

If  the  boiler  check  is  partly  open,  the  injector  will  force  some 
of  the  water  into  the  boiler,  and  the  remainder  out  of  the  over- 
flow, except  in  the  case  of  a  closed  overflow  injector,  in  which 
case  the  injector  will  break  and  steam  will  blow  back  into  the 
tank.  In  case  the  check-valve  cannot  be  opened  wide,  water 
may  be  saved  by  throttling  both  steam  and  water  until  the  over- 
flow diminishes,  or,  if  possible,  ceases.  The  steam  should  be 
throttled  at  the  valve  in  the  boiler  steam  connection,  however, 
and  not  at  the  steam  valve  of  the  injector,  as  throttling  tends 
to  superheat  the  steam,  and  an  injector  will  not  work  as  satis- 
factorily with  superheated  steam  as  with  saturated  steam.  By 
throttling  the  steam  at  the  boiler,  the  excess  of  heat  due  to 
this  throttling  will  be  lost  before  the  steam  reaches  the  injector. 
Saturated  steamy  we  may  remark,  is  steam  that  contains  just 
sufficient  heat  to  maintain  it  in  the  state  of  steam,  so  that  any 
loss  of  heat  causes  some  of  it  to  condense.  Swperheated  steam 
is  steam  at  any  pressure  that  has  a  temperature  higher  than 
that  of  water  from  which  it  would  be  formed  at  that  pressure. 
Superheated  steam  must  lose  all  of  its  excess  heat  before  it  will 
begin  to  condense. 

If  the  check-valve  is  stuck  shut,  it  can  sometimes  be  made 
to  work  again  by  tapping  lightly  on  the  cap,  the  bottom  of  the 
valve  case,  or  the  delivery  pipe. 

If  the  boiler  check  sticks  open  and  the  line  check  in  the 
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injector  does  not  prevent  the  water  coming  from  the  boiler  when 
the  injector  is  shut  oil,  it  can  usually  be  reseated  by  tapping 
lightly  on  the  cap,  the  bottom  of  the  valve  case,  or  the  delivery 
pipe.  This  method  can  always  be  aided  by  pouring  cold  water 
over  the  check-case.  If  the  check  cannot  be  closed,  close  the 
overflow  valve  and  water-regulating  valve,  when  there  is  one, 
which  will  prevent  the  water  from  the  boiler  passing  back 
through  the  injector.  If  the  injector  is  not  provided  with  a 
water-regulating  valve,  or  if  it  is  not  water-tight,  reduce  the 
pressure  of  steam  in  the  boiler,  disconnect  the  hose  from  the 
feedpipe,  drive  a  wooden  plug  into  the  end  of  the  feedpipe, 
connect  up  the  hose  to  the  feedpipe  to  hold  the  plug  in,  and 
supply  the  boiler  with  the  other  injector. 

5.  Obstruction  in  Delivery  Tube, — Any  obstruction  in  the 
delivery  tube,  such  as  cotton  waste,  scale,  or  coal,  will  cause  a 
heavy  waste  of  water  from  the  overflow.  To  remedy  this,  the 
tube  will  probably  have  to  be  removed  and  cleaned. 

6.  Leaky  Overflow  Valve. — This  diminishes  the  capacity  of  a 
closed  overflow  injector  by  allowing  water  to  escape  and  will 
cause  the  injector  to  break.  With  an  automatic  overflow 
injector,  it  allows  air  to  be  drawn  into  the  injector,  and,  if  the 
leak  is  sufficiently  great,  it  will  destroy  the  vacuum  in  the 
combining  tube  and  prevent  the  injector  from  operating.  As 
this  air  passes  into  the  boiler,  a  leaky  overflow  valve  is  indi- 
cated by  the  boiler  check  chattering  on  its  seat.  To  remedy 
this  defect,  grind  the  valve  on  its  seat  until  it  forms  a 
tight  joint. 

7.  lank  Air- Tight. — If  the  tank  becomes  air-tight,  by  freez- 
ing or  otherwise,  so  that  air  cannot  enter  as  fast  as  the  water  is 
withdrawn  by  the  injector,  the  air  entrapped  in  the  tank  will 
expand  as  the  water  is  withdrawn,  and  the  pressure  exerted  by 
it  will  therefore  be  lessened.  After  a  time,  the  pressure  of  air  in 
the  tank  will  not  be  suflBcient  to  force  water  into  the  injector, 
and  the  latter  will  break  and  refuse  to  lift  again.  The  remedy 
for  this  is  to  always  keep  open  communication  between  tank 
and  atmosphere. 

8.  Injector  Choked  With  Lime. — It  is  essential  to  the  proper 
working  of  an  injector  that  the  interior  of  the  tubes  should  be 
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perfectly  smooth  and  of  the  proper  bore.  As,  in  course  of  time, 
they  ** lime  up,"  the  capacity  of  the  injector  decreases  until 
finally  it  refuses  to  work  at  all.  If  the  water  used  is  very  bad, 
it  becomes  necessary  to  frequently  cleanse  the  tubes  of  the  accu- 
mulated lime.  This  may  be  accomplished  by  putting  the  parts 
in  an  acid  bath,  allowing  the  acid  to  remove  the  scale.  The 
bath  should  consist  of  1  part  of  muriatic  acid  to  10  parts  of 
water;  the  tubes  should  be  removed  from  it  as  soon  as  the  gas 
bubbles  cease  to  be  given  off.  The  acid  combines  with  the  lime 
and  forms  a  gas,  and  as  long  as  there  is  lime  to  combine  with,  it 
will  not  attack  the  metal  of  the  tubes.  After  the  lime  has  all 
combined,  however,  the  acid  will  attack  the  tubes,  with  the 
result  that  the  inner  surface  will  become  pitted  and  rough, 
which  will  affect  the  working  of  the  injector. 

Should  a  tube  become  loose  in  an  injector,  it  will  seriously 
interfere  with  its  operation,  and  in  most  cases  will  entirely 
prevent  its  working;  therefore,  where  tubes  are  replaced,  care 
should  be  taken  to  screw  them  finnly  to  their  proper  position. 

If  the  tubes  of  an  injector  are  worn  out  of  shape,  or  new  ones 
of  an  improper  size  put  in,  the  injector  will  not  wort 


SIGHT-FEED    IjUBRICATORS. 


G£X£RAI.    REMARKS. 

42.  The  first  up-drop  lubricator  was  introduced  in  1885, 
and  the  first  double  sight-feed  lubricator  in  1886,  while  the 
triple  sightrfeed  lubricator  made  its  appearance  in  1888. 
Up-drop  lubricators  are  so  named  from  the  fact  that  the  oil  on 
its  way  to  the  oil  pipes  flows  upwards,  drop  by  drop,  through 
the  water  in  the  feed-tubes.  A  sight-feed  lubricator  is  one 
in  which  the  feed- tubes  through  which  the  drops  of  oil  pass 
upwards  are  of  glass.  This  permits  the  operator  to  see  how  the 
oil  is  feeding,  and  he  can  count  the  drops  and  adjust  the  feed 
until  the  lubricator  delivers  the  proper  number  of  drops  per 
minute.  A  double  sight-feed  lubricator  consists  really  of  two 
single  sight-feed  lubricators  combined  in  one,  as  a  n matter  of 
convenience,  while  a  triple  sight-feed  lubricator  consists  of  a 
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combination  of  three  single  lubricators.  A  double  sight-feed 
lubricator  furnishes  and  regulates  the  supply  of  oil  to  the  two 
cylinders  of  the  engine.  A  triple  sight-feed  lubricator  furnishes 
and  controls  the  lubrication  for  both  cylinders  of  the  engine  and 
for  the  steam  cylinder  of  the  air  pump.  Since  the  double 
and  triple  lubricators  consist,  respectively,  of  two  and  of  three 
separate  ones  combined,  or,  in  other  words,  since  each  feed 
is  connected  with  its  separate  oiler,  it  follows  that  the  feeds 
may  be  worked  either  singly,  two  at  a  time,  or  all  together, 
without  affecting  the  operation  of  any  one  feed. 


PRINCEPI-E    OF    OPERATION. 

43.  The  principle  on  which  the  sight-feed  lubricator  oper- 
ates can  best  be  explained  by  reference  to  Fig.  16,  which  repre- 
sents a  conventional  form  of  lubricator.  R  is  an  oil  reservoir, 
and  A  a  cliamber  above  it,  communicating  with  the  boiler 
through  the  steam  connection  S.  Into  this  chamber,  called 
a  condenser,  steam  entere,  and  part  of  it  is  condensed, 
maintaining  the  chamber  filled  with  water  up  to  a  certain 
level,  as  shown.  A  tube  w  connects  the  condenser  with  the 
bottom  part  of  reservoir  R.  The  feed-glass  /  is  in  communi- 
cation with  the  oil  reservoir  through  chamber  b  and  passages 
p  and  h. 

The  chamber  a,  situated  above  the  glass/,  communicates  with 
the  steam  space  A  through  a  tube  e  called  an  equallzingr 
tube.  The  pipe  T  leads  to  the  steam  chest  of  the  engine. 
The  water  in  A  flows  down  into  the  reservoir  R  through  the 
j)ipe  ir;  and  as  the  oil  in  chamber  R  is  the  lighter  of  the  two, 
it  floats  on  the  water.  Boiler  pressure  is  exerted  on  the  water 
in  A,  and.  is  transmitted  through  tlie  water  in  tube  tv  to  the 
water  in  R,  and  so  to  the  oil,  as  shown  by  the  arrows.  The  total 
pressure  acting  upwards  on  tlie  oil  is  therefore  equal  to  tlie 
pressure  of  the  steam  plus  the  i)ressure  due  to  the  head  of  water 
in  the  condenser.  These  two  pressures  are  acting  to  force  the 
oil  down  through  passages  h  and  jj  into  h,  as  shown  by  arrows. 
Steam  pressure  is  also  exerted  on  the  water  in  chamber  a, 
where  it  act*  downwards  and  resists  the  lifting  efl'ecl  of  the 


§6  LOCOMOTIVE  BOILERS.  45 

steam  (already  mentioned)  on  the  body  of  water  in  a.  It  nil) 
be  seen  that  while  st«&m  in  A  is  tending  to  force  water  down 
the  tube  w  and  so  raise  its  level  in  R  and  transmit  its  pressure 
through  R,  h,  -p,  h,  and/,  to  that  in  a,  steam  of  the  samu  pres- 
sure in  e  is  acting  to  keep  the  water  in  a  down.  So  that  as  far 
as  the  steam  pressures  are  concerned,  the  whole  body  of  liquid 
(water  and  oil)  tends  to  remain  motionless. 


It  is  not  the  pressure  of  the  steani  that  fon-OK  tiie  oil  throuch 
MiepassaweH/iiiiid^-iiilurlianihiT /»,  but  the  pressure  Hue  to  t!ie 
head  of  wattr  in  thf  cindentifr,  :ind  this  head  is  made  surli  ;i.-i 
will  give  the  best  resuUii.  When  once  the  oil  enters  6,  a  drop 
floats  upwards  through  the  water,  regardless  of  the  pressure  in 
/.  The  statement  is  frequently  made  that  the  sn^'cessful  work- 
ing of  the  htbricalor  depends  <m  the  rqwilhing  fenturr.  This 
simply  means  that  the  pressure  of  the  steam  in  chamber  a  must 
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be  maintained  equal  to  the  pressure,  due  to  the  steam,  in 
chamber  6;  for,  if  they  are  not  equal,  the  action  of  the  lubricator 
will  be  irregular.  The  choke  plug  c  restricts  the  flow  of  steam 
out  of  the  lubricator,  and  thus  maintains  a  steady  pressure  in 
the  chamber  a.  If  this  equalization  is  maintained,  the  lubri- 
cator will  pass  oil  into  the  pipe  T  regularly,  regardless  of  the 
pressure  in  the  steam  chest,  for  the  reason  that  a  constant  force, 
the  head  of  water  in  A^  is  acting  to  force  the  oil  through  passage 
p  into  b  and  so  through  the  regulating  valve  d.  As  the  oil 
passes  through  valve  d,  it  forms  a  drop  and  floats  to  the  surface 
of  the  water  in  a,  when  it  is  carried  through  the  choke  plug^ 
c  into  the  oil  pipe  T  by  the  current  of  steam  that  is  constantly 
flowing  in  the  direction  indicated  by  the  arrows. 


NATHAN    LUBRICATOIL 

44.  Description. — Fig.  17  (a)  presents  a  front  view  of 
a  Kathan  triple  sight-feed  lubricator  as  used  on  locomo- 
tives, (6)  representing  a  side  view,  showing  the  lubricator 
fastened  to  the  boiler  head  bracket  by  nut  8\  1  is  the  condenser, 
to  which  steam  is  conducted  by  the  copper  or  brass  tubing  S, 
leading  from  either  the  dome,  or  the  top  of  the  boiler  with  a 
dry  pipe  up  to  the  dome.  F,  view  (6),  is  a  steam  valve  for 
controlling  the  steam  supply  to  the  lubricator.  2  is  the  filling 
plug,  by  unscrewing  which  the  lubricator  may  be  filled.  An 
auxihary  oiler  3  is  provided  for  each  cylinder,  which  is  to  be 
used  in  case  a  feed-glass  should  break.  These  oilers  are 
entirely  independent  of  the  lubricator,  and  are  operated  and 
used  in  the  same  way  as  were  the  old  cab  oilers.  For  each 
sight-feed  glass  P,  P',  and  P",  a  safety  valve  4  is  provided,  so 
that,  in  case  the  feed-glass  should  break,  this  safety  valve  and 
also  the  regulating  valve  18  may  be  closed;  J  a  is  the  blow-off 
plug,  one  to  each  glass.  The  oil  pipes  6'  and  6  lead  from  the 
oil  outlets  of  the  lubricator  to  the  riglit  and  left  steam  chests, 
respectively;  ^-4  is  the  oil  pipe  to  the  steam  cylinder  of  the  air 
pump;  7  is  the  water  valve  that  controls  the  passage  between 
the  condenser  1  and  the  oil  reservoir  12)  14.  is  the  glass  gauge 
that  indicates  the  amount  of  oil  and  water  present  in  the 
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reservoir;  17  is  a  waste  cock,  provided  for  drawing  off  the 
water  from  the  reservoir.  The  regulating  valves  18  are  used 
to  Isolate  the  number  of  drops  of  oil  fed  per  minute. 
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45.  Four  sectional  views  of  this  lubricator  are  given  in 
Fig.  18.  View  (6)  shows  the  lubricator  partly  in  elevation  and 
partly  in  section,  the  section  being  taken  on  the  line  CC  of  view 
(a) ;  view  (c)  is  a  section  on  line  AAoi  views  (a)  and  (6) ;  view 
(a)  is  a  section  on  line  A  A  ol  view  (c);  and  view  (d)  is  a 
section  on  the  line  B  B  oi  views  (a)  and  (c).  Inside  the  con- 
denser are  three  equalizing  tubes  21^  21\  and  21"^  one  for  each 
feed-glass.  In  view  (a)  the  holes  corresponding  to  21  and  2r 
are  seen,  but  not  that  of  21".  In  view  (c)  21'*  is  seen  in 
section  and  21'  in  elevation.  In  view  (d)  21"  is  seen  in 
elevation;  21  and  2V  are  not  seen  in  this  view.  Small  holes 
are  drilled  in  the  top  of  each  tube,  and  the  lower  end  of  each  is 
connected  to  its  feed-glass  by  a  small  passage  a,  views  (a) 
and  (c).  It  is  the  water  of  condensation  which  passes  through 
these  tubes  that  keeps  the  feed-glasses  full.  (In  some  later 
types  of  the  Nathan  lubricator  the  equalizing  tubes  are  placed 
outside  the  condenser.) 

The  condenser  i,  view  (ri),  is  connected  with  the  oil  reservoir 
through  the  passage  6,  water  valve  7,  and  water  tube  23,  the 
lower  end  of  this  tube  opening  into  the  pocket  c,  views  (rf)  and 
(a),  this  pocket  being  formed  by  the  partition  d.  When,  before 
refilling  the  oil  reservoir,  the  water  is  drawn  off  through  waste 
cock  i7,  pocket  c  remains  full  of  water;  and,  as  the  lower  end 
of  the  tube  23  is  below  the  surface  of  this  water,  oil  cannot 
*^back  up"  into  the  tube  when  the  reservoir  is  filled,  since  it 
floats  upon  the  water  in  the  pocket.  Another  pocket  n,  situated 
directly  above  pocket  c,  is  formed  by  the  partition  I]  see  views 
(c)  and  (d).  When  the  lubricator  is  being  filled,  the  oil  rises 
until  it  reaches  the  bottom  of  the  partition  /,  wlien  the  air  that 
is  trapped  in  the  pocket  n  prevents  the  oil  from  entering,  even 
tiiough  the  reservoir  is  filled  completely.  The  pocket  n  is  pro- 
vided to  allow  for  the  exi)ansi()n  of  th<'  oil  when  heated,  should 
the  reservoir  be  eompletelv  filled.  The  tendenov  of  the  oil  to 
expand  compresses  the  air  in  the  pocket,  and  thus  more  space 
is  provided,  into  which  the  oil  expands.  If  this  space  were  not 
provided,  and  the  water  valves  and  regulating  valves  were 
closed,  the  force  exerted  by  the  oil  in  trying  U^  expand  would 
bulge  or  burst  the  reservoir. 
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The  oil  tube  22  is  open  at  the  top  and  is  in  direct  communi- 
cation with  the  reservoir  12  \  its  lower  end  communicates  with 
the  oil  chamber  p^  which  leads  to  the  under  side  of  each  of  the 
regulating  valves  18,  The  oil  tube  and  chamber  p  are  full  of 
oil  as  long  as  there  is  any  in  the  reservoir. 

The  condenser  1  always  stands  about  four-fifths  full  of  water, 
which  is  condensed  from  the  steam.  When  the  water  valve  7 
is  opened,  the  water  can  pass  down  through  passage  6,  valve  7, 
and  tube  23^  to  the  bottom  of  the  oil  reservoir.  The  oil  floats 
on  the  water,  and  is  thus  forced  by  the  head  of  water  upwards, 
and  then  down  the  oil  tube  22  and  into  chamber  p  by  the  head 
of  water  in  the  condenser.  The  steam  pressures  at  the  top  and 
bottom  of  the  feed-glasses  neutralize  each  other.  As  the  oil 
passes  through  the  regulating  valve  it  forms  a  drop  and  floats 
upwards,  and  is  carried  into  the  oil  pipe  by  the  current  of  steam 
that  is  flowing  down  through  the  equalizing  tubes,  thence  out 
through  the  choke  plugs  6  to  the  steam  chest.  As  fast  as  the 
oil  is  used  from  the  reservoir  its  place  is  filled  with  water  that 
flows  down  from  the  condenser. 

46.  Refllllng:  and  Operating:. — ^To  refill  the  reservoir, 
close  all  the  valves  18^  and  also  the  water  valve  7,  from  the  con- 
denser; draw  off  the  water  from  the  reservoir  through  the  waste 
cock  17)  then  remove  the  filling  plug  2  and  fill  the  reservoir 
with  clean  strained  oil.  Replace  the  filling  plug  and  open  the 
water  valve  7  immediately,  whether  the  feeds  are  to  be  started  or 
not.  This  is  an  extra  precaution  against  the  expansion  of 
the  oil  bulging  the  reservoir,  since,  if  the  water  valve  is  open, 
the  oil  will  simply  back  up  into  the  water  tube  23  and  con- 
denser i,  as  the  pressure  increases  in  case  the  oil  reservoir  has 
been  filled  too  full. 

The  safety  valves  4  Jire  to  be  used  o)dy  in  case  a  feed-glah^s 
breaks.  In  that  event,  close  the  safety  valve  4  aiid  regulating 
valve  18  of  the  broken  glass,  and  use  the  auxiliary  hand  oiler  »? 
until  the  glass  can  be  replaced.  The  breaking  of  any  one 
glass  will  not  interfere  in  the  least  with  the  operation  of 
the  other  feeds. 

The  steam  valve  V  must  always  be  opened  before  the  engine 
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leaves  the  roundhouse,  and  must  be  kept  open  as  long  as  the  engine 
is  moving,  regardless  of  whether  the  feeds  are  operating  or  not. 
It  should  be  the  first  valve  opened  before  leaving  the  round- 
house and  the  last  valve  closed  on  returning  to  it. 

The  water  valve  7  should  alway  be  open  except  when  the  oil 
reservoir  is  being  filled. 

To  start  the  feeds,  open  the  regulating  valves  18  and  regu- 
late until  the  desired  number  of  drops  per  minute  are  being 
delivered. 

To  stop  the  feeds,  close  the  regulating  valves.  If  the  water 
valve  7  can  be  closed  tightly  it  will  stop  the  flow  of  water  into 
the  oil  reservoir,  and  no  oil  will  pass  out  through  the  regu- 
lating valves.  

IMPROVED  KATHAN  LUBRICATOR. 

47.  Description. — The  latest  improved  form  of  Nathan 
triple  sight-feed  lubricator  is  illustrated  in  Fig.  19,  in  which 
view  (a)  is  a  section  through  the  lubricator  on  the  lines  B  0  C, 
view  (6);  view  (6)  is  a  plan  view;  and  view  (c)  is  a  section  on 
the  lines  A  By  view  (6).  The  construction  of  the  lubricator  is 
clearly  shown  in  the  illustrations;  it  is  very  similar  to  that  of 
the  old  lubricator,  except  that  the  equalizing  tubes  21  and  the 
passages  in  the  body  of  this  lubricator  are  made  larger.  Also, 
the  air  pump  sight-feed  P'  is  on  the  front  of  the  cup,  whereas 
the  oil-pipe  connection  is  at  the  back,  the  two  being  connected 
by  a  passage  in  the  cup. 

The  parts  in  these  illustrations  are  numbered  the  same  as  in 
the  illustrations  of  the  old  lubricator. 

A  steam-chest  oil  plug,  view  (d),  is  used  with  this  lubricator, 
the  bore  of  which  must  not  be  less  than  ^  inch,  or  more  than 
I  inch  to  give  proper  results.  The  object  of  this  plug  is  to  pre- 
vent oil  being  held  up  in  the  oil  pipes,  and  its  bore  bears  a 
certain  relative  proportion  to  the  bore  of  the  choke  plugs  5  in 
the  cylinder  oil  outlets. 

48.  Operation. — The  directions  for  operating  this  lubrica- 
tor are  substantially  the  same  as  for  the  old  one. 

To  use  hand  oiler  5,  first  close  the  outlet  valve  F,  then  fill  the 
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hand  oiler,  open  the  oiler  valve  and  when  the  oil  has  passed 
into  the  oil  pipe,  close  the  hand-oiler  valve  and  open  the  outlet 
valve  V  wide. 

The  oiUlet  valve  Vmuat  be  kept  wide  open  aJt  all  times^  except  when 
using  the  hand  oHer,  as  directed  abofoe. 


BETROIT   LITBRICATOB. 

49.  Description. — Fig.  20  illustrates  the  Detroit  triple 
slerlit-feed  lubricator  as  used  on  locomotives,  (a)  being  a 
front  view  and  (6)  a  side  view. 

A  is  the  oil  reservoir;  B,  B,  the  auxiliary  oilers;  (7,  the  con- 
nection to  the  boiler;  D,  the  water  valve;  Ey  E,  the  r^ulating 
valves  for  engine-cylinder  feeds;  JP,  the  condenser;  (?,  the  drain 
cock;  H,  Hj  sight- feed  glasses  to  engine-cylinder  feeds;  /,  the 
regulating  valve  for  the  air-pump  feed,  K,  the  air-pump  feed- 
glass;  My  a  steam  valve  in  the  boiler  connection;  0,  the  filling 
plug;  R,  the  air-pump  connection;  T,  T,  water  plugs;  and  a 
and  Cy  equalizing  tubes  for  the  air-pump  and  engine-cylinder 
feeds,  respectively.  The  equalizing  tubes  of  this  lubricator  are 
placed  outside  the  condenser,  and  connect  with  it  above  the 
steam  connection  C.  The  condenser  therefore  fills  with  water 
up  to  the  level  shown  by  the  dotted  lines;  any  surplus  condensa- 
tion will  drain  back  into  the  boiler. 

Fig.  21  (a)  shows  one  of  the  sight-feed  arms  in  section;  part 
of  the  oil  reservoir  is  represented  as  broken  away,  in  order  to 
show  the  oil  pipe  37  leading  to  the  feed-glass.  There  are  two 
oil  pipes  37  and  one  38  in  the  reservoir,  views  (c)  and  (d),  one 
for  each  feed-glass;  pipe  38,  which  connects  with  the  air-pump 
feed,  is  a  little  shorter  than  either  of  the  other  two.  The  water 
tube,  through  which  the  water  passes  from  the  condenser  to  the 
bottom  of  the  oil  reservoir,  is  not  seen  in  the  figure.  View  (b) 
is  taken  looking  at  (a)  in  the  direction  of  the  arrow;  it  shows 
another  section  of  a  feed-arm.  The  check-valve  s  is  used  as  a 
safety  device,  closing  automatically  when  the  glass  breaks,  and 
thus  preventing  the  escape  of  steam.  The  passage  through 
which  the  oil  flows  from  the  hand  oiler  B  to  the  oil  pipe  is 
indicated  by  small  arrows. 
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View  fc)  is  a  sfctiim  taken  througli  the  upper  feed-arms;  it 
ehows  the  oil  pipes  >S'  and  !?,  which  lead  Id  the  engine  cylindere, 


and  the  air-puinp  oil  pipe  R.     The  choke  plug  c  for  each  oil 
pipe  is  alflo  shown.     The  equalizing  tubes  e  connect  with  the 
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reservoir  as  shown,  and  communicate  with  the  upper  feed-arm 
and  the  choke  plug  by  a  passage  t!  in  the  casting,  as  shown 
by  the  arrows. 

View  ((2)  is  a  vertical  section  through  the  air-pump  feed- 
glass  K  and  the  air-pump  connection  R,  This  view  shows  the 
oil  passage  r  through  the  upper  part  of  the  reservoir  body. 
The  air-pump  equalizing  tube  a  connects  with  the  passage  r 
as  shown. 

This  lubricator  works  on  the  same  principle  as  the  Nathan. 
The  steam  passing  through  the  equalizing  tubes  maintains  a 
pressure  on  the  water  in  the  feeds  equal  to  that  in  the  con- 
denser; and  the  pressure  exerted  by  the  head  of  water  in  the 
condenser  forces  the  oil  through  to  the  feed-valves.  As  fast  as 
the  oil  is  used  from  the  oil  reservoir  it  is  replaced  by  water 
from  the  condenser. 

50.  Refilling:  and  Operating:. — To  refill  the  reservoir, 
close  valves  D,  E^  and  /;  draw  off  the  water  from  the  reser- 
voir, and  fill  through  the  filling-plug  opening  0  with  clean 
straiDe<l  oil,  and  then  reopen  the  valve  D  hmiiediately.  R^ulate 
the  feeds  by  means  of  valves  E  and  /. 

To  operate  the  lubricator,  open  valve  Af,  Fig.  20  (6),  and 
then  valve  Z),  and  adjust  the  feeds  by  means  of  the  regulating 
valves.  If  a  glass  breaks,  the  auxiliary  oilers  B  are  to  be 
used  in  the  same  way  as  the  old  cab  oilers,  that  is,  by  closing 
the  throttle  while  feeding,  the  oil  being  then  drawn  down 
into  the  steam  chest  by  suction — to  express  the  action  in 
popular  terms. 

The  steam  valve  M  must  always  be  open  when  the  engine  is 
moving,  and  the  valve  D  should  only  be  closed  when  filling  the 
oil  reservoir. 

IMPROVED    DETROIT    LUBRICATOR. 

51.  Construction. — The  latest  improved  form  of  Detroit 
lubricator  is  illustrated  in  Fig.  22.  View  (a)  is  a  front  eleva- 
tion with  part  of  the  oil  reservoir  and  right  sight  feed  broken 
away  to  show  the  construction  of  the  regulating  valves  E  and 
by- pass  valves  j.    View  (6)  is  a  side  elevation  with  the  feed-arm 
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broken  away  to  show  the  passage  leading  from  the  feed- 
glass  H  through  the  safety  valve  8  into  the  oil  pipe  to  the 
cylinder.  View  (c)  is  a  cross-sectional  view  taken  on  the  sec- 
tional line  A  B,  view  (a).  It  will  be  seen  that  while  there  are 
some  slight  changes,  the  general  construction  of  this  style  of 
lubricator  is,  in  many  respects,  very  similar  to  the  old  one. 
The  parts  in  these  illustrations  are  numbered  the  same  as  in 
the  illustrations  of  the  old  lubricator. 

It  will  be  noticed  that  this  lubricator  has  but  two  outside 
equalizing  tubes,  marked  e,  e,  the  one  for  the  air-pump  feed, 
marked  a,  being  within  the  condenser.  It  screws  into  the 
hole  a,  view  (c),  which  opens  into  the  passage  r  leading  to  the 
air-pump  connection  at  the  back  of  the  lubricator.  The  equal- 
izing tubes,  as  well  as  the  steam  pipe  to  the  lubricator,  have 
been  enlarged  so  that  a  larger  supply  of  steam  now  goes  to  the  oil 
pipes.  The  gauge  glass  14  is  provided  with  an  automatic  ball 
check-valve  [a  small  ball  ^'j  view  (c)]  in  both  the  upper  and 
lower  gauge  arms  that  close  and  prevent  the  escape  of  oil  and 
water  in  the  event  of  the  glass  breaking. 

The  by-pass  valves  j  that  replace  the  hand  oilers  on  the 
other  lubricators  are  also  a  new  feature.  They  are  intended  for 
use  only  when  oil  cannot  be  fed  through  the  feed-glasses,  as,  for 
instance,  when  a  glass  breaks;  at  all  other  times  they  should  be 
kept  closed  tight  so  as  to  prevent  a  waste  of  oil.  When  a 
valve  j,  view  (a),  is  open,  the  oil  passes  directly  from  the  oil 
reservoir  A  through  the  valve  and  out  to  the  oil  pipe,  as 
indicated  by  the  arrows.  These  valves  are  made  to  feed  at  the 
same  rate  as  the  regulating  valves  E  for  the  same  amount  of 
opening;  that  is,  if  both  are  opened,  say,  ^  turn,  they  will  feed 
at  the  same  rate.  Another  advantage  is  that  they  feed  con- 
tinuously like  the  feed-valves,  it  not  being  necessary  to  shut  the 
engine  off  to  use  them.  Only  one  regular  choke  plug  is  used, 
that  being  in  the  air-pump  connection,  view  (c).  The  cylinder 
oil  pipes  are  supplied  with  a  steam-chest  plug  that  contains  a 
ball  check-valve  y,  view  (6),  which  performs  the  duty  of  the 
choke  valve.  Their  construction  is  such  as  to  prevent  their 
becoming  inoperative  through  the  lodgment  of  dirt  or  sediment 
at  that  point. 
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52.  Operation. — The  directions  for  operating  this  lubri- 
cator are  the  same  as  for  the  other.  However,  there  are  several 
additional  points  to  be  remembered  with  this  lubricator. 

To  clean  the  glasses,  open  the  valve  T  and  unscrew  the  safety 
valve  z  sufficiently  to  make  a  direct  opening  between  the  feed- 
glass  and  the  oil  pipe,  view  (6).  This  will  permit  steam  to 
blow  through  the  equalizing  tube  past  z  and  through  the  glass 
and  valve  T  to  the  atmosphere.  When  the  glass  is  clean,  close 
the  valve  T,  and  as  soon  as  the  glass  fills  with  water,  screw  z 
tight  to  its  seat  and  leave  it  in  that  position.  These  valves 
should  be  kept  closed  when  the  lubricator  is  in  operation. 

2b  operate  the  by-pass  valves,  proceed  as  follows:  Always  keep 
them  closed  unless  in  use.  In  the  event  of  a  glass  breaking, 
close  its  regulating  valve  E  and  use  the  by-pass  valve  for  oiling 
that  cylinder.  •  Regulate  the  feed  exactly  as  you  would  the 
regulating  valve;  that  is,  turn  it  the  same  amount  in  opening, 
as  it  will  then  feed  the  same.  If  it  is  opened  too  much,  oil 
will  be  wasted  just  as  it  is  if  the  regulating  valve  is  opened 
too  much. 

To  remove  a  glass,  unscrew  the  gland  nuts  m  and  n  and  push 
the  upper  one  down  on  the  lower.  Then  unscrew  the  sleeve  i;, 
push  it  down  on  the  glass  and  the  glass  can  then  be  readily 
taken  out. 

To  replace  a  glass,  place  the  gland  nuts  and  sleeve  v  properly 
on  the  glass  and  insert  the  glass;  next  screw  the  sleeve  v  to 
place  and  tighten  the  gland  nuts. 


MICHIGAN    LUBRICATOR. 

53.  Description. — In  the  Detroit  and  Nathan  types,  as 
already  shown,  a  choke  plug  is  used  in  the  discharge  opening 
from  the  lubricator  to  the  oil  pipe  leading  to  the  steam  chest. 
The  object  of  a  choke  plug  is  to  restrict  the  flow  of  steam  from 
the  lubricator  so  that  a  pressure  uniform  with  that  of  the  boiler 
may  be  maintained  in  the  lubricator  at  all  times  when  it  is 
working.  Practically  all  locomotive  cylinder  lubricators  have 
this  choke  plug;  in  some  of  them  it  is  located  at  the  steam- 
chest  end  of  the  oil  pipe,  instead  of  in  the  lubricator. 

In  the  Mlclilgraii  lubricator,  illustrated  in  Fig.  23,  the 
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openings  that  convey  the  steam  and  oil  from  the  feed-glass  to 
the  oil  pipes  leading  to  the  steam  chest  are  not  restricted  in  any 
way.  On  the  contrary,  they  are  somewhat  larger  than  in  the 
other  types,  both  as  regards  the  steam  pipe  leading  from  the 
boiler,*  and  also  the  steam  passages  in  and  around  the  oil 
reservoirs.  The  oil  pipes  leading  to  the  steam  chest  are  of 
the  ordinary  size. 

In  view  (a)  is  shown  the  lubricator  as  a  whole,  with  the 
exception  that  certain  portions  are  removed  so  as  to  show  the 
mtemal  construction  more  clearly.  View  (6)  is  a  horizontal 
section  through  the  body  of  the  lubricator,  taken  on  the  line  of 
the  upper  feed-arms.  View  (d)  represents  a  portion  of  the 
lubricator  on  a  larger  scale,  this  being  done  so  as  to  show  more 
clearly  the  various  passages,  valves,  etc. 

Referring  to  the  various  parts:  A  is  the  oil  reservoir;  B,  the 
condenser;  £,  the  filling  plug;  F,  the  drain  cock;  K,  the  cap  for 
the  removable  plug  which  allows  of  a  new  glass  being  put  in; 
Z,  the  pipe  that  conveys  oil  to  the  feed-glass;  M,  the  oil  pipe, 
or  ** tallow  pipe''  as  it  is  still  often  called;  0,  the  regulating 
valve;  P,  the  filling  valve,  and  i2,  the  feed-valve,  for  the 
auxiliary  oiler;  Q,  the  water  pipe  that  carries  the  water  down 
from  condenser  to  reservoir;  8,  the  steam  pipe  from  boiler; 
Tj  the  lifting  stem  for  check-valve  d;  and  TF,  the  water  valve. 

At  the  steam-chest  end  of  the  oil  pipe  JIf  is  a  choke  plug,  the 
design  of  which  is  shown  in  view  (c).  This  choke  plug, 
which  is  shown  on  a  larger  scale  than  the  lubricator  itself,  has 
two  openings — ^a  small  one  a,- and  a  large  one  6.  The  small 
one  a  is  open  at  all  times.  The  large  one  b  is  intended  to  be 
open  when  the  engine  is  working  steam  and  the  j)ressures  are 
therefore  equalized  in  the  oil  pipe  and  steam  chest,  and  to  be 
closed  by  the  ball  valve  c  when  the  throttle  is  shut,  or  at  any 
time  that  the  pressure  in  the  steam  chest  is  much  lower  than 
in  the  lubricator.  When  the  throttle  is  shut,  the  pressure 
being  greater  in  the  lubricator  and  oil  pipe  than  in  the  steam 
chest,  the  ball  c  rolls  up  against  its  seat,  closing  the  large 
opening  6.     The  steam  from  the  lubricator,  carrying  with  it  the 


*The  stoain-supply  pipe  S   should  have  a  bore  of    not  less  than 
I  inch. 
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oil,  must  then  pass  through  the  small  choke  a.  When  the 
throttle  is  open,  or  when  the  pressure  in  the  steam  chest  has 
equalized  with  that  in  the  oil  pipe,  the  ball  valve  c  drops  from 
its  seat  and  uncovers  the  large  opening  6,  through  which  steam 
can  pass  away  from  the  lubricator.  This  ball  c  is  also  made 
with  small  grooves  around  it,  which  serves  the  same  purpose 
as  the  choke  a;  the  grooves  being  less  liable  to  become  choked. 
With  this  style  of  ball  c,  the  choke  a  is  not  used. 

The  auxiliary  oiler,  shown  in  view  (a),  has  a  hand  valve  P 
by  which  the  cup  C  is  filled,  and  a  feed- valve  J?,  see  views  (6) 
and  (cJ),  controlling  the  opening  from  this  cup  to  the  oil  pipe. 
To  operate  the  auxiliary  oiler,  close  the  valve  R  and  open  the 
valve  P,  allowing  any  steam  that  may  be  in  the  cup  C  to  pass 
out;  then  put  in  the  oil,  close  the  valve  P,  and  open  valve  i?, 
which  permits  this  oil  to  pass  into  the  oil  pipe.  There  is  an 
auxiliary  oiler  for  each  cylinder. 

The  automatic  check-valve  d  at  the  top  of  the  sight-feed  glass, 
view  (d),  is  secured  to  the  lifting  stem  T  by  a  pin  which  passes 
through  the  stem  of  the  valve  and  works  in  a  slot  in  the 
stem  r.  When  the  stem  T  is  screwed  clear  up,  it  lifts  the 
valve  d  off  its  seat  and  holds  it  off;  when  screwed  down,  it 
allows  valve  d  to  seat  and  prevent  the  passage  of  steam  or  water 
back  into  the  sight-feed  glass,  in  the  event  of  a  glass  breaking. 
To  fill  the  feed-glass  with  water  the  valve  d  must  be  raised  off 
its  seat  so  as  to  allow  condensed  water  from  the  equalizing 
tubes  to  fill  it. 

The  small  drain  plug  F  is  to  allow  water,  and  (in  case 
the  glass  is  being  blown  out  clean)  steam  also,  to  pass  out 
of  the  glass. 

54,  Refilling:  and  Operating:. — To  refill  the  reservoir, 
close  the  regulating  valves  0  first,  and  the  water  valve  W  last; 
it  is  not  necessary  to  close  the  steam  valve  that  controls  the 
steam  supply  from  the  boiler.     Fill  through  the  plug  E. 

To  operate  the  lubricator,  open  the  steam  valve  full,  admit- 
ting boiler  pressure;  then  open  the  water  valve  W,  and  when 
the  condenser  and  sight-feed  glasses  are  full  of  water,  start  the 
feeds,  regulating  them  by  the  valves  0. 
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When  leaving  the  engine  after  a  run,  close  the  valves  0  first 
and  the  steam  valve  last,  leaving  the  water  valve  W  open. 


liUBRICATOB   TROUBLBS. 

56.  Choked  Feeds,  Etc. — Trouble  is  sometimes  occa- 
sioned by  the  stopping  up  of  the  si'^ht  feeds  or  the  choke  plugs. 
When  a  sight  feed  is  found  to  be  stopped  up,  close  the  regula- 
ting valves  on  the  other  feeds;  next  close  the  water  valve  that 
regulates  the  opening  between  the  condenser  and  the  oil  reser- 
voir; open  the  check-valves  over  the  sight-feed  glasses,  where 
such  are  provided,  and  then  open  the  drain  cock  at  the  bottom 
of  the  reservoir.  If  the  steam  valve  is  open,  steam  will  blow 
down  through  the  equalizing  tube  into  the  feed-glass  and  force 
the  contents  of  the  sight  feed,  including  the  obstruction,  up  into 
the  oil  reservoir,  after  which  the  drain  cock  should  be  closed. 
The  r^ulating  valve  should  then  be  shut  until  the  feed-glass 
refills  with  condensed  water,  when  the  feed  will  be  found  to 
work  all  right.  As  soon  as  the  drain  cock  is  closed,  the  water 
valve  should  be  opened  and  the  other  feeds  may  then  be  started. 

To  blow  out  the  sight-feed  glasses  on  a  Michigan  lubricator, 
the  plug  F  must  be  removed,  and  the  valve  d  lifted  oflf  its  seat  by 
unscrewing  the  stem  T;  after  the  glass  has  been  blown  out  and 
refilled  with  condensed  water,  the  stem  T  should  be  screwed 
down  to  allow  the  check-valve  d  to  come  to  its  seat. 

If  a  choke  plug  in  a  Nathan  lubricator  becomes  stopped  up, 
close  the  steam  valve  in  the  boiler  connection,  and  open  the 
throttle  on  the  engine.  Steam  pressure  will  then  back  up  from 
the  steam  chest  through  the  oil  pipe  and  blow  the  obstruction 
into  the  feed-glass. 

The  check- valve  in  the  Detroit  and  Michigan  lubricators,  if 
acting  properly,  would  seat  itself  directly  the  steam  valve  was 
closed.  So  in  these  cases,  the  oil  pipe  should  be  uncoupled 
from  the  feed-arm  and  the  choke  cleaned  out  by  hand.  Even 
in  the  Nathan,  this  is  the  most  satisfactory  proceeding, 
although  a  temporary  stoppage  in  the  choke  may  sometimes  be 
blown  out. 

66.  Replacing:  a  Broken  Feed-Glass. — Should  a  feed- 
glass  break  on  a  Nathan  lubricator,  first  close  the  regulating  valve 


§6  LOCOMOTIVE  BOILERS.  63 

at  the  bottom  of  the  broken  glass,  then  the  safety  valve  at  the 
top,  and  use  the  auxiliary  oiler  until  the  glass  can  be  replaced. 
To  replace  the  glass,  close  the  water  valve  and  then  the  steam 
valve;  take  off  the  packing  nuts  on  the  feed-glass,  and  unscrew 
the  valve  box  of  the  safety  valve  above  that  glass.  The  new 
glass  may  now  be  dropped  in  from  above,  through  the  packing 
nuts.  Use  new  gaskets,  and  do  not  tighten  the  packing  nuts 
too  tight  at  first,  or  another  broken  glass  may  result.  The 
valve  box  should  now  be  replaced,  and  the  steam  and  water 
valves  opened,  and  as  soon  as  the  glass  fills  with  water  the  feed 
may  be  restarted.  If  it  is  desired  to  start  the  feed  at  once,  the 
blow-off  plug  6  a  may  be  removed  and  the  glass  filled  with 
clean  water. 

When  a  glass  breaks  on  a  Detroit  lubricator,  close  the  regu- 
lating valve;  the  safety  valve  8  is  supposed  to  close  automatic- 
ally. To  replace  the  glass,  close  the  water  valve  and  steam 
valve;  open  the  drain-cock,  and  draw  enough  water  from  the 
reservoir  to  allow  the  oil  to  drop  below  the  top  of  the  oil  tubes; 
take  off  the  packing  nuts  and  unscrew  feed- valve  box  J  from 
the  lower  feed-arm;  insert  the  glass  from  the  bottom  and  use 
new  gaskets  to  make  tight  joints;  then  replace  the  valve  box  in 
the  lower  feed-arm.  The  glass  will  probably  have  to  be  filled 
with  water  by  unscrewing  the  plug  T  and  filling  by  hand. 
The  steam  and  water  valves  may  then  be  opened  and  the 
feeds  started. 

When  a  glass  breaks  on  a  Michigan  lubricator,  close  the  regu- 
lating valve;  the  check-valve  d  is  relied  on  to  close  automatic- 
ally. To  replace  the  glass,  close  the  steam  and  water  valves, 
take  off  the  cap  K^  and  remove  the  plug  that  has  the  check- 
valve  d  in  it;  this  will  allow  a  new  glass  to  be  put  in  from  the 
top— see  Fig.  23  (d). 

57.  Irregrularltles  of  Feed. — Irregular  feeding  can  gen- 
erally be  traced  to  one  of  three  causes: 

1.  Passages  Too  SmaU, — The  passage  through  the  steam 
valve,  or  the  bore  of  the  steam-supply  pipe,  may  be  too  small. 
Either  of  the  above  will  prevent  the  lubricator  from  receiving 
full  boiler  pressure.     To  see  the  effect  of  the  above  causes  on 
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the  working  of  the  lubricator,  partly  close  the  steam  valve  and 
note  the  feeds  as  the  cut-oS  and  position  of  throttle  are  changed. 
The  steam  valve  should  always  be  toide  open  while  the  feeds 
are  operating. 

2.  Equalizing  Tubes  Partially  Stopped  Up. — This  reduces  the 
pressure  above  the  water  in  the  feed-glasses,  the  equalization  is 
destroyed,  at  times  when  the  steam-chest  pressure  is  less  than 
boiler  pressure,  the  pressure  acting  to  force  the  oil  through  the 
feed-vfidves  is  increased,  and  as  a  result,  the  feed  works  too  fast 
and  the  oil  tends  to  enter  the  feed-glass  in  a  stream,  instead  of 
forming  in  drops.  If  the  equalizing  tubes  were  wholly  stopped 
up,  steam  pressure  would  be  cut  off  from  the  top  of  the 
feed-glass,  and  the  net  force  acting  to  send  the  oil  through 
the  feed-valves  would  then  equal  the  boiler  pressure  plus 
the  pressure  due  to  the  head  of  water.  Under  such  condi- 
tions the  oil  would  squirt  into  the  feed-glass  if  the  feeds 
were  opened  only  very  slightly.  It  is  seldom,  however,  that 
trouble  is  experienced  from  the  equalizing  tubes  choking  or 
stopping  up. 

3.  Cfioke  Plugs  Worn  Too  Large. — ^The  choke  plug  (marked  5 
in  the  Nathan  and  c  in  the  Detroit)  is  a  small  metal  plug  that 
is  screwed  into  the  upper  feed-arm  and  opens  into  the  oil  pipe, 
as  shown.  It  has  a  small  hole  (about  ^  inch  in  diameter) 
drilled  in  it,  through  which  the  oil  and  steam  pass  to  the  oil 
pipe.  A  choke  plug  is  necessary,  for,  if  the  oil-pipe  opening 
were  not  thus  contracted,  the  fluctuation  of  pressure  above  the 
water  in  the  feed-glass,  every  time  the  engine  throttle  or  reverse 
lever  was  moved,  would  cause  the  feed  to  be  extremely  irregular. 
When  a  choke  plug  is  used,  it  permits  only  a  small  flow  of 
steam  to  escape  into  the  oil  pipe,  and,  consequently,  the  boiler 
pressure  can  be  more  nearly  maintained,  both  in  the  condenser 
and  in  the  feed-glasses.  The  opening  in  a  choke  plug  must  bear 
a  certain  relation  to  the  quantity  of  steam  delivered  through 
the  equalizing  tubes,  and  if  this  is  disturbed  by  the  opening  in 
the  choke  plug  wearing  larger,  the  feed  will  be  irregular  and 
will  increase  when  the  steam-chest  pressure  is  decreased.  The 
only  remedy  for  this  is  to  replace  the  worn-out  plug  with  a 
new  one  having  an  opening  of  the  proper  size.     A  partially 
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stopped-up  equalizing  tube  will  produce  the  same  effects  as  a 
worn-out  choke  plug. 

If  the  throttle  is  opened  while  the  steam  valve  on  the  lubri- 
cator is  closed,  the  water  in  the  sight-feed  glasses  will  become 
dirty.  The  reason  for  this  is  that,  as  there  is  no  pressure  in 
the  lubricator,  steam  passes  from  the  steam  chest  up  through 
the  oil  pipes  and  choke  plugs  into  the  feed-glasses,  and  carries 
with  it  dirty  water  and  oil  from  the  oil  pipes.  Whenever  the 
sight  feeds  become  muddy,  therefore,  it  indicates  that  for  some 
reason  the  pressure  in  the  lubricator  is  less  than  steam-chest 
pressure,  and  the  cause  should  be  ascertained  and  remedied. 

58.  Ijoss  of  Oil. — In  some  instances,  the  oil  has  been 
known  to  mysteriously  disappear  from  the  oil  reservoir  when 
the  feed- valves  were  closed  but  the  water  and  steam  valves  open. 
Fortunately,  this  is  not  a  frequent  occurrence,  and  it  is  usually 
found  to  be  due  to  some  mechanical  defect  in  the  lubricator. 
Some  defects  that  have  been  known  to  cause  the  loss  of  oil  are: 

1.  Defective  Casting, — A  small  blowhole  may  exist  in  the 
casting,  forming  a  passage  from  the  oil  reservoir  into  the  con- 
denser or  the  upper  feed-arm.  In  such  a  case  the  oil  is  forced 
through  the  blowhole  and  disappears. 

2.  Defective  Water  Pipe. — The  water  pipe  that  leads  from 
the  condenser  to  the  bottom  of  the  oil  reservoir  may  be  split,  or 
may  make  a  poor  joint  where  it  screws  into  the  water  passage 
in  the  casting.  In  either  case  the  oil  will  float  up  into  the 
condenser  and  disappear. 

3.  Leaky  Plug, — The  plug  20  in  the  Nathan  lubricator, 
Fig.  18  (<r),  through  which  the  oil  pipe  22  is  inserted,  may 
permit  the  oil  to  leak  through  up  into  the  condenser. 

4.  Leaky  Packing. — If  the  gaskets  at  the  bottom  of  the 
feed-glasses  in  a  No.  2  Detroit  lubricator  are  not  tight,  the  oil 
will  leak  through  and  be  lost. 

5.  Leaky  By- Pass  Valves, — In  the  improved  Detroit  lubri- 
cator, the  by-pass  valves  j  may  be  leaking. 

Cases  have  been  reported  where  the  oil  has  been  siphoned  out 
of  the  lubricator  when  the  regulating  valves  were  closed,  the 
water  and  steam  valves  open,  and  the  boiler  allowed  to  cool 
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down.  In  the  modem  lubricator,  however,  it  is  hardly  probable 
that  the  oil  can  be  siphoned  out  in  this  manner,  and  any  dis- 
appearance of  oil  can,  in  almost  every  instance,  be  traced  to 
some  mechanical  defect. 

59.  Oil  Held  In  Pipes. — Generally  there  are  two  forces 
acting  to  carry  the  oil  through  the  oil  pipes  from  the  lubricator 
to  the  steam  chests;  namely,  the  force  of  gravity,  which  is  con- 
stant, and  the  flow  of  steam,  which  fluctuates;  the  latter  is 
usually  flowing  in  greater  or  less  quantities  through  the  oil 
pipes.  If  the  oil  were  to  be  carried  along  by  the  force  of  gravity 
alone,  its  flow  would  be  slow  and  sluggish,  and  for  that  reason 
the  flow  of  steam  is  supplied  to  accelerate  its  movements.  The 
circulation  of  steam  between  the  lubricator  and  the  steam  chest 
depends,  of  course,  on  the  difference  in  pressure  between  the 
two  places.  It  is  greatest  when  the  throttle  is  closed,  and  it 
decreases  gradually  as  the  throttle  is  opened;  the  rate  of  flow  of 
the  oil  through  the  pipes,  therefore,  varies  correspondingly.  If 
the  pressures  in  the  steam  chest  and  oil  pipes  become  equal,  the 
circulation  of  steam  through  the  oil  pipes  ceases,  and  the  oil  is 
carried  onward  by  the  force  of  gravity  alone. 

60.  Flow  of  Oil  to  Bteam  Chest. — Until  the  intro- 
duction of  high-pressure  locomotives,  it  seems  that  but  little 
trouble  was  experienced  in  keeping  the  valves  properly  oiled. 
When  high  pressures  came  into  use,  however,  it  was  noticed 
that,  when  working  with  wide-open  throttle  and  short  cut-off, 
the  valves  apparently  received  no  lubrication,  although  with  a 
long  cut-off  and  partly  closed  throttle  no  trouble  was  experi- 
enced in  oiling  them.  This  was  at  first  attributed  to  the 
increase  in  working  pressure,  but  later  it  was  found  that  the 
increased  pressure  was  not  the  cause,  and  that  the  trouble  was 
also  present  with  lower  pressures,  though  much  less  noticeable. 
To  determine  the  source  of  the  trouble,  the  following  experi- 
ment was  performed:  A  glass  tube  similar  to  a  glass  water 
gauge  was  connected  to  the  oil  pipe  in  such  a  way  that  the  oil 
and  steam  from  the  lubricator  had  to  pass  through  the  glass 
just  before  entering  the  steam  chest.  This  glass  therefore 
afforded  a  means  of  investigating  the  action  of    the  steam 
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and  oil  in  the  oil  pipe  during  variations   of  pressure  in  the 
steam  chest. 

The  experiment  showed  that  while  the  throttle  was  closed 
the  oil  and  condensed  water  passed  freely  into  the  steam  chest, 
but  that  when  the  throttle  was  wide  open,  so  that  steam-chest 
pressure  was  nearly  equal  to  boiler  pressure,  the  glass  began  to 
fill  up  from  the  steam-chest  end  with  water,  upon  which  the  oil 
of  course  floated,  and  was  thus  prevented  from  reaching  the 
steam  chest.  As  soon  aa  a  sufficient  difference  of  pressure  was 
established  between  the  lubricator  and  the  steam  chest,  by 
easing  off  or  entirely  closing  the  throttle,  the  oil  and  water  were 
at  once  forced  into  the  steam  chest.  In  some  of  the  tests  it 
was  observed  that  when  steam-chest  pressure  was  increased 
above  60  to  65  per  cent,  of  the  boiler  pressure,  the  oil  pipe 
began  to  fill  with  water,  and  thus  retain, the  oil  in  the  oil  pipes; 
consequently,  the  valves  would  receive  no  oil  as  long  as  steam- 
chest  pressure  was  greater  than  65  per  cent  of  the  boiler 
pressure.  This,  then,  not  only  explains  why  the  valves  of  an 
engine  work  hard  after  the  engine  has  run  for  a  time  with  wide- 
open  throttle  and  short  cut-off,  but  it  suggests  a  means  of  relief 
under  such  circumstances.  The  relief  alluded  to  may  be 
obtained  by  reducing  the  steam-chest  pressure  below  the  oil- 
pipe  pressure  for  a  few  seconds,  so  that  the  oil  entrapped  in  the 
pipes  will  be  discharged  into  the  steam  chest  and  oil  the  valves 
and  cylinders.  This  may  be  accomplished  by  partly  closing  the 
throttle  for  4  or  5  seconds.  Of  course,  this  does  not  prevent  the 
oil  from  again  being  held  in  the  pipes,  but  it  offers  a  means  of 
getting  oil  to  the  valves  whenever  they  b^n  to  work  dry. 

61  •  Tlppett  Attaclmient. — ^To  insure  a  regular  delivery 
of  oil  to  the  valves  and  cylinders,  when  the  Detroit  lubricator 
is  used,  a  device  known  as  the  Tlppett  attacliinent  is 
employed.  Three  views  of  this  attachment  and  the  necessary 
piping  are  given  in  Fig.  24,  in  which  L  is  the  lubricator.  The 
attachment  consists  of  an  auxiliary  steam  pipe  A^  which  leads 
from  the  stand  pipe  E  to  the  expansion  joint  D  in  the  boiler 
head.  Outside  the  boiler  the  pipe  A  rises  some  distance  above 
the    oil    pipes,  as  shown  by  the    dotted    lines   behiad    the 
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lubricator,  view  (6).  It  then  bends  around,  as  shown  in 
view  (a),  and  divides  into  two  branches— one  connecting  with 
the  oil  pipe  B,  and  the  other  with  the  oil  pipe  R,  A  check- 
valve,  not  shown,  is  located  at  this  junction,  the  purpose  of 
which  is  to  prevent  oil  going  into  the  dry  pipe,  although  steam 
can  pass  through  it  into  the  attachment.  The  lubricator  L  is 
supported  as  shown;  each  of  the  branch  pipes  contains  a  valve  x. 
On  the  steam-chest  end  of  the  oil  pipe  is  the  oil  plug  shown 
separately  in  (d),  the  passage  in  the  plug,  through  which  the 
steam  and  oil  pass,  being  ^  inch  in  diameter;  (c)  is  a  view  of 
the  lubricator  as  seen  looking  from  the  dome  in  (6).  When  the 
lubricator  is  applied  to  a  simple  engine,  both  of  the  valves  x 
should  be  wide  open.  When  applied  to  a  compound  engine, 
the  valve  on  the  high-pressure  side  should  be  wide  open,  and 
the  other  valve  should  be  closed  tight. 

This  attachment  operates  as  follows:  When  the  throttle  is 
opened,  an  extra  quantity  of  steam  is  admitted  into  each  oil 
pipe,  through  the  attachment.  This  steam,  together  with  that 
from  the  lubricator,  is  sufficient  to  maintain  a  current  in  the  oil 
pipes  towards  the  steam  chests  under*the  variations  of  pressure. 


liOGATION    OF    I-UBRICATOR. 

62*  The  best  location  for  the  lubricator  depends  on  the 
type  of  boiler  and  the  position  of  the  other  cab  fittings.  When 
possible,  it  should  be  placed  in  such  position  that  both  the 
engineer  and  the  fireman  can  see  it  plainly,  as  then  any  irregu- 
larities in  its  working  are  more  liable  to  be  readily  noticed. 
If  the  engineer's  seat  is  back  of  the  boiler,  the  best  location  for 
the  lubricator  will  be  on  top  of  the  boiler  at  the  end.  When 
the  engineer's  seat  is  at  the  side  of  the  boiler,  the  lubricator 
should  be  placed  with  the  two  engine  cylinder  feed-glasses  in 
line  with  the  boiler,  and  the  air-pump  sight  feed  and  the  oil 
gauge  glass  facing  the  engineer.  Then,  if  a  gauge  light  is 
placed  on  the  lubricator  bracket,  the  feeds  will  be  in  plain  sight 
both  day  and  night.  The  bracket  that  carries  the  lubricator 
should  be  strong  enough  to  prevent  vibration,  as  this  t^ids  to 
loosen  the  tubes  and  jointSi  making  the  action  of  the  lubricator 
irregular. 
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PIPING    FOR   LUBRICATOR. 

63.  The  pipins:  of  a  lubricator  is  a  very  important  con- 
sideration; it  is  frequently  the  cause  of  irregularities  in  the 
working  of  the  lubricator,  for  which  the  latter  is  wrongfully 
blamed.  It  is  of  the  utmost  importance  that  full  boiler  pres- 
sure be  maintained  in  the  lubricator,  and  anything  that 
prevents  this  will  cause  the  action  of  the  lubricator  to  be 
irregular.  The  steam  pipe  to  the  lubricator,  therefore,  should 
be  large  enough  to  maintain  boiler  pressure  there  under  all 
conditions;  and,  to  obtain  the  best  results,  the  opening  in  the 
pipe,  steam  valve,  and  fittings  should  be  fully  i  inch  in  diam- 
eter throughout 

The  steam  connection  of  the  lubricator  was  formerly  made  at 
the  turret.  This  is  poor  practice,  however,  as  the  pressure  at 
that  point  fluctuates  considerably,  and  full  boiler  pressure 
cannot,  in  consequence,  be  maintained  continuously  in  the 
lubricator.  To  avoid  this,  the  steam  connection  may  be  made 
to  the  highest  point  of  the  boiler  inside  the  cab,  and  a  dry 
pipe  used. 

To  obtain  the  best  results,  the  oil  pipes,  steam-chest  plug 
openings,  and  union  connections  should  be  of  the  same  inside 
diameter  throughout;  the  pipe  should  have  a  steady  slope 
from  the  lubricator  to  the  steam  chest,  so  that,  if  necessary, 
the  force  of  gravity  alone  would  cause  the  oil  to  flow;  and 
there  should  be  no  sags,  bad  bends,  or  contractions  in  the  pipe 
at  any  point,  as  they  will  cause  the  oil  to  be  held  in  the 
pipe  until  a  sufficient  difference  of  pressure  is  established 
between  the  lubricator  and  the  steam  chest  to  force  the  oil  out 


CAKE    OF    LUBRICATOR. 

64.  The  lubricator  should  be  cleaned  out  at  least  once 
every  two  weeks,  by  blowing  steam  through  it.  To  do  this, 
open  all  valves  wide,  keep  the  filling  plug  closed,  and  blow 
steam  through  the  lubricator  by  opening  the  steam  valve. 
This  ordinarily  will  keep  the  lubricator  clean.  Some  grades  of 
oil,  however,  leave  a  residue  which  forms  a  gummy  deposit  that 
cannot  be  removed  by  blowing  steam  through  the  lubricator, 
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and  this  must  be  removed  by  immersing  the  lubricator  in  lye. 
The  discoloration  of  the  feed-glasses  can  be  removed  or  pre- 
vented by  swabbing  the  glasses  out  with  glycerine.  Strong, 
soapy  water  will  have  the  same  effect. 

There  are  two  reasons  why  the  oil  should  be  strained  before 
filling  the  lubricator:  (1)  it  prevents,  to  some  extent,  the  for- 
mation of  the  gummy  deposit  just  mentioned;  and  (2)  it 
avoids  the  possibility  of  small  pieces  of  dirt  getting  into  the 
reservoir  and  stopping  up  some  of  the  passages.  The  openings 
through  which  the  oil  must  pass  are,  in  some  lubricators,  only 
^  to  ^^  inch  in  diameter,  so  that,  if  the  oil  were  at  all  dirty, 
these  openings  would  soon  become  choked  and  prevent  the 
feed  from  operating.  It  is  best  not  to  entirely  fill  the  reservoir 
with  oil,  as  the  expansion  due  to  heat  may  force  some  of  the 
oil  into  the  condenser,  and,  in  some  styles  of  lubricator,  into 
the  boiler  also. 

INDEPENDENT    AIR-PUMP    I.UBRICATOK8. 

65.  The  Nathan  Xiubrlcator. — ^The  Nathan  independent 
air-pump  lubricator  is  shown  in  Fig.  25,  (a)  being  a  section 
and  (6)  an  ele\'ation.  Connection  is  made  at  A  with  the  air- 
pump  supply  pipe,  so  that,  when  the  steam  valve  S  is  open, 
steam  passes  up  through  Y  and  the  condenser  tube  S4^  into  the 
condenser  1.  Steam  can  also  pass  through  the  choke  plug  5 
into  the  upper  feed-arm,  so  that  the  pressure  above  the  water  in 
the  glass  is  equal  to  the  pressure  in  the  condenser.  The  con- 
denser remains  nearly  full  of  water,  which  can  pass  down  into 
the  reservoir  through  the  water  pipe  2S.  The  oil  in  the  reser- 
voir is  thus  raised  up  and  forced  down  into  the  oil  pipe  S2,  as 
shown  by  the  arrows.  \Vhen  the  regulating  valve  18  is  opened, 
the  head  of  water  in  the  lubricator  forces  the  oil  through  the 
valve;  it  then  floats  to  the  surface  of  the  water  in  the  glass,  and 
and  is  carried  through  the  choke  plug  5  into  the  passage  F, 
where  it  passes  down  to  the  steam-supply  pipe  by  the  force 
of  gravity. 

To  start  this  lubricator,  open  valve  S,  and  regulate  by  means 
of  valve  18.  The  lubricator  may  be  stopped  by  closing 
valves  18  and  8. 
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To  nfill  the  reaerroir,  close  valves  18  and  S,  draw  of!  t>ie 
water  from  the  reservoir  through  the  drain  cock  d,  and  fill  with 
clean  Btr&ined  oil,  hy  removing  the  filling  plug  X.  A  broken 
glass  may  be  replaced  by  removing  the  plug  SS. 

About  once  eveiy  two  weeks,  the  lubricator  should  be  blown 
ODt  with  steam.  This  is  acoomplisbed  by  opening  the  drain 
oock  d  and  valvee  18  and  S. 


To  clean  out  the  choke  plug  5  when  stopped  up,  remove 
blow-out  plug  b,  close  the  valve  18,  and  open  the  valve  S. 

To  clean  out  the  feed-nozzle  n,  remove  blow-out  plug  6,  and 
open  valves  18  and  S. 

Sometimes  the  condenser  1  becomes  charged  with  air  so  as  to 
exclude  the  steam  and  prevent  the  formation  of  condensed 
water,  which  stops  the  operation.    To  again  start  the  lubricator 
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operating,  unscrew  the  plug  in  the  top  of  the  condenser  until 
steam  works  out  around  the  joint;  the  air  will  then  be  expelled, 
after  which  the  joint  jan  be  made  tight  again. 

66.     The  I>etroIt  Lubricator. — In  Fig.  26  is  shown  the 


Detroit  No.  1  improved  air-pump  lubricator,  view  (a)  being  a 
part  section,  and  (fc)  an  elevation.  A  ia  the  oil  reservoir, 
broken  away  in  view  (n)  to  show  the  arrangement  of  the  water 
tube  1  and  the  oil  tulie  2.     if  is  the  sight-feed  glass;  g,  the  oil 
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gauge  glass;  D,  the  water  valve;  and  0,  the  filling  plug.  Con- 
nection with  the  air-pump  steam-supply  pipe  is  made  at  M, 
steam  passing  up  through  the  tube  B  into  the  condenser  F. 
Steam  also  passes  through  the  connection  b  and  a  passage  C  in 
the  casting  to  the  upper  feed-arm,  thus  maintaining  a  pressure  in 
the  feed-glass  if  equal  to  the  condenser  pressure.  The  condenser 
fills  with  water,  which,  when  the  water  valve  D  is  opened,  passes 
down  to  the  lx)ttom  of  the  reservoir  and  forces  the  oil  upwards, 
and  so  into  and  down  through  tube  2  and  the  regulating  valve  E 
into  the  feed-glass,  whence  it  passes  down  through  the  sup- 
porting post  M  to  the  air-pump  steam  pipe.  S  is  the  safety 
check-valve. 

To  dart  the  lubricator,  open  valve  D  and  regulate  the  feed  by 
means  of  valve  E.    To  stop,  close  E. 

The  reservoir  is  filled  by  means  of  the  filling  plug  0.  To  blow 
out  the  cup  with  steam,  close  valve  Z>,  and  open  valve  E  and 
drain  cock  O. 

If  air  collects  in  the  condenser  F,  as  explained  with  the 
Nathan  lubricator,  slack  off  the  union  nut  until  the  lubricator 
is  relieved  of  air,  and  then  tighten  the  nut. 


SAND  BOXES. 


HAND    SANDERS. 

67.  General  Description. — One  of  the  necessary  attach- 
ments of  an  engine  is  a  sand  box.  This  is  usually  placed  on 
top  of  the  boiler  so  that  sand  can  flow  down  through  pipes  on 
each  side  of  the  boiler  and  be  delivered  to  the  rails  in  front  of 
the  driving  wheels.  On  switch  engines,  two  of  these  sand  boxes 
are  sometimes  used,  one  for  the  front  pair  of  wheels  and  another 
for  the  back  pair,  so  that  sand  can  be  put  on  the  rails  for  all 
the  drivers,  no  matter  which  way  the  engine  is  moving.  In  a 
very  few  instances  the  sand  boxes  are  placed  below  the  running 
board,  in  which  case  two  are  needed,  one  for  each  rail. 

68.  Construction  and  Operation. — A  sectional  view 
of  a  sand  box,  the  valves  of  which  are  operated  by  hand  by 
means  of  a  lever  and  reach  rod,  is  shown  in  Fig.  27  (a),  while 
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a  bottom  view,  showing  the  mechanism  for  operating  the  valves, 
is  shown  in  view  (6).  The  sand  pipes  leading  down  to  the  rails 
in  front  of  the  driving  wheels  connect  with  the  sand  box  at  x, 
while  a  port  a  leads  from  the  sand  (chamber  A  to  the  connection  x. 


(a) 


The  opening  through  port  a  is  controlled  by  the  valves  b]  these 
valves  are  rigidly  connected  with  the  toothed  segments  d  by 
means  of  the  shafts  c.  The  toothed  segment  e  is  rigidly  con- 
nected to  the  lever  /,  which  is   operated   by  a   reach  rod  g^ 
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extending  back  into  the  cab.  By  moving  the  reach  rod  the 
segment  e  is  made  to  rotate  around  the  point  A;  this  movement 
causes  the  segments  d  to  rotate  and  thus  open  or  close  the  valves 
6,  depending  on  the  direction  of  the  movement.  When  the 
valves  h  are  opened,  sand  flows  by  gravity  from  the  sand  box  A 
through  the  sand  pipes  to  the  rail  This  method  of  sanding  the 
rails  is  not  very  satisfactory,  for  the  reason  that  the  sand  is 
delivered  with  so  little  force  that  in  windy  weather  it  is 
liable  to  be  blown  to  one  side  of  the*  rail  instead  of  being 
delivered  to  the  driving  wheels;  besides,  it  is  wasteful  of  sand, 
and  there  is  practically  no  means  of  regulating  the  amount  of 
sand  delivered;  hence,  air  sanders,  which  have  a  more  positive 
action,  are  coming  into  general  use. 


AIR   SAin)EBS. 

69.  General  Description. — Sanders  that  force  the  sand 
to  the  driving  wheels  by  means  of  a  jet  of  compressed  air  are 
called  air  sanders.  There  are  several  types  of  air  sanders  in 
use,  but  as  they  all  operate  on  about  the  same  principle,  only 
the  Lieaeli  sander  will  be  described. 

In  Fig.  28,  a  Leach  sander  known  as  the  D  double  sander, 
is  shown  applied  to  an  Atlantic  type  engine.  A  pipe  connec- 
tion  is  made  to  the  sand  box  at  a;,  and  a  short  pipe  connects 
this  with  the  x  fitting  a,  which  should  be  located  as  high  up 
on  the  boiler  as  practicable  in  order  to  have  as  high  a  column  of 
sand  above  the  trap  D  as  possible.  Two  sand  pipes,  6  and  c, 
connect  a  with  the  double  trap  D\  this  trap,  as  its  name  implies, 
is  two  traps  in  one  case,  one  trap  for  the  discharge  pipe  /and 
the  other  for  the  discharge  pipe  g.  The  air  nozzle  e  is  connected 
to  the  air  pipe  j  and  discharges  sand  through  the  discharge 
pipe/;  another  air  nozzle  h  back  of  the  pipe/  is  connected  to  the 
air  pipe  i  and  discharges  sand  through  the  pipe  g.  The  air 
pipes  j  and  i  are  connected  to  the  brake  valve  main-reservoir 
connection  at  ft,  so  that  the  air  pipes  draw  their  supply  from 
the  main  reservoir.  The  two  cab  valves  m  and  n  control  the  flow 
of  air  through  the  pipes;  hence,  they  operate  the.  sander.  To 
force  sand  through  the  pipe  g  in  front  of  the  drivers,  open  valve 
n;    to    force   sand  through  the  pipe  /,   open  the  valve  m. 
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The    dischai^e    pipes  should   be    so   bent  as  to  deliver  the 
saod  direct  to  the  point  of  contact  of  the  driving  wheel  and 
the  rail,  as  by  so  doing  lees  sand 
need  be  used  U»  lie  effective.     , 

70.  r»b  Valve.— The  cab 
valve  Is  iUustrftted  in  Fig.  29,  in 
which  part  of  the  valve  case  is 
broken  away  and  the  valve  and 
valve  stem  sectioned  to  show  the 
warning  port  w.  The  pipe  from 
the  inuin  reservoir  connects  at  x, 
while  the  pipe  leading  to  the  sander 
connects  at  y,  so  that  the  air  passes 
from  a:  to  y,  as  indicated  by  the 
arrows;  alsOj  when  the  valve  is  open, 
there  is  a  discharge  of  air  through 
the  port  n,  as  indicated  by  the 
arrows,  that  makes  a  noise  which 
warns  the  engineer  that  the  Bander 
is  in  operation,  thus  preventing  hia 
forgetting  to  shut  it  off. 

71.  Air  Nozzle.— The  exten- 
^^  jj                    sion  air  nozzle  used  with  this  sander 

is  illustrated  in  Fig.  30,  in  which  p 
is  the  adjusting  tube,  v  a  check-valve,  and  j  the  air  pipe 
leading  to  the  pain  teaervoir.     The  port  s  in  the  union  tail- 


piece is  ^  inch  in  diameter  and  forms  the  air  jet.     The  check- 
valve  V  prevents  sard  passing  back  into  the  air  port  s,  stopping 
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it  up,   while  the   thumbscrew   (  permits  of  the  port  s  heing 
cleaned  out  should  it  become  stopped  up. 

72.  operation  of  Kauder. — An  assembled  view  of  tlie 
sanding  device  is  shown  in  Fig.  31,  in  which  all  the  parts  have 
the  same  letters  as  in  the  j)reviou8  figures.     In  this  view  the 


pipe  /  and  its  nozzle  are  shown  in  section,  whereas  the  pip«  g 
and  its  nozzle  do  not  show,  since  they  are  behind.  The  sand 
pipe  c  connectB  with  a  chamber  C  in  the  trap  D,  while  the  sand 
pipe   b    connects   with   a    similar  chamber^   these  chambers, 
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however,  have  no  connection  with  each  other,  one  being  used 
for  each  discharge  pipe.  Sand  from  the  sand  box  flows  down' 
through  the  pipes  c  and  b  and  keeps  the  chambers  full,  some  of 
the  sand  finding  its  way  into  the  discharge  pipe,  as  shown.  The 
pipes  are  bent  up  at  angle  of  15  degrees,  to  prevent  the  sand 
jarring  out  of  the  traps  when  the  engine  is  running.  The 
resistance  of  the  column  of  sand  in  the  pipes  h  and  c  is  such  as 
will  permit  of  considerable  air  pressure  being  used  to  force  any 
obstruction  out  of  the  discharge  pipe  without  permitting  the  air 
to  escape  up  into  the  sand  box.  When  it  is  desired  to  use  sand 
through  the  pipe/,  air  is  admitted  into  the  pipe  j,  from  whence 
it  passes  through  port  8,  the  check-valve  r,  and  the  adjusting 
tube  J5,  into  the  pipe  /,  forcing  the  sand  out  through  the  pipe. 
As  the  sand  is  forced  out,  more  flows  in  from  the  chamber  C, 
and  a  continuous  stream  is  thus  forced  out  of  the  discharge  pipe. 
The  amount  discharged  is  regulated  by  the  clearance  v\  increas- 
ing or  decreasing  this  by  loosening  the  jamb  nut  w  and  moving 
the  adjusting  tube  as  required.  These  nozzles  on  both  sides 
of  the  engine  should  always  be  adjusted  alike,  so  that  they  will 
deliver  the  same  amount  of  sand. 

The  inch  plug  z  is  for  the  purpose  of  removing  small  stones, 
etc.,  that  may  get  into  the  trap  and  interfere  with  the  operation 
of  the  sander.  Before  this  is  removed,  however,  the  hand-lever 
valve  in  the  box  must  be  closed;  or,  if  not  provided,  the  plug  d, 
Fig.  31,  in  the  sand-box  lug,  should  be  removed  and  a  piece 
of  waste  inserted  to  stop  the  flow  of  sand  to  the  trap  D  while 
it  is  being  cleaned. 

The  operation  of  the  sander  for  the  pipe  g  is  the  same  as  that 
just  described. 

The  pipes  p  and  ]?'  are  the  air  pipes  leading  to  the  opposite 
side  of  the  engine;  they  furnish  the  air  necessary  for  the  opera- 
tion of  the  sanding  devices  on  the  opposite  side  of  the  engine. 

In  most  cases,  engines  are  furnished  with  both  hand  and  air 
Sanders,  the  former  being  used  in  case  the  air  sander  becomes 
inoperative. 

73.  Care. — Sand  intended  for  use  in  air  sanders  should 
be  well  screened  to  remove  small  stones  and  any  foreign  matter 
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that  may  interfere  witb  the  proper  operation  of  the  sander;  also, 
the  sand  should  be  properly  dried  before  using,  since  if  damp  it 
will  not  run  freely,  and  if  wet  may  plug  the  pipes  and  passages. 
It  is  essential,  therefore,  that  all  pipe  joints  be  properly  tight- 
ened so  as  to  be  water-tight,  and  the  main  reservoir  must  be 
drained  frequently  to  prevent  moisture  from  that  source  being 
carried  into  the  trap  and  so  affect  the  operation  of  the  sander. 

This  sander  is  placed  underneath  the  running  board  so  as  to 
be  easily  accessible,  and  it  should  be  inspected  frequently 
enough  to  insure  its  being  kept  in  good  working  order. 

74.  Troubles. — Sometimes,  when  the  sand  has  not  been 
properly  screened,  small  stones  accumulate  in  chamber  0  of  the 
trap  D,  and  restrict  or  entirely  prevent  the  flow  of  sand  into  the 
discharge  pipe;  or,  the  sand  in  the  trap  may  be  so  wet  as  not  to 
flow.  In  either  case,  if  the  sand  outlet  from  the  sand  box  can 
be  closed  by  the  valve  in  the  box,  do  so;  if  it  cannot,  remove 
the  plug  d,  Fig.  31,  and  insert  sufficient  waste  to  stop  the  flow 
of  sand  from  the  box;  then  remove  the  plugs;  and  clean  out 
the  trap. 

In  the  event  of  the  thumbscrew  t  being  lost,  there  will  be  a 
bad  blow  at  that  opening  during  the  time  the  cab  valve  is  open, 
and  no  sand  will  be  delivered  through  the  discharge  pipe,  as 
there  will  not  be  sufficient  pressure  to  force  it  through.  This 
may  be  remedied  by  screwing  a  hardwood  plug  into  the  open- 
ing, taking  care  not  to  screw  it  in  so  far  that  it  closes  the  small 
air  port «. 

If  the  air  port  a  becomes  stopped  up,  the  sander  will  not 
work,  as  no  air  can  come  through  into  the  nozzle  to  force  the 
sand  out  of  the  discharge  pipe.  In  that  event,  remove  the 
thambscrew  t  and  dean  out  port «. 
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BOILER   FEEDING   AND    MANAGE MEN1\ 


WATER  C^IRCUI^ATION. 

76.  Kadiation,  Conduction,  and  Convection. — Heat 
is  transferred  from  one  point  to  another  in  three  ways:  by 
radiation  J  by  conduction  j  and  by  convection. 

When  one  body  appears  to  impart  heat  directly  to  another  at 
a  distance,  the  lieat  is  said  to  be  transferred  l)y  radiation. 

When  heat  is  transmitted  from  points  of  high  temperature  to 
points  of  low  temperature,  by  jiassing  from  one  particle  of  a 
body  to  the  next  i)article,  and  so  on,  it  is  said  to  be  trans- 
mitted by  conduction.  This  is  tlie  mode  by  which  heat  is 
transmitted  through  solid  bodies,  the  metals  being  the  best 
heat  conductors. 

If  a  portion  of  a  liquid  is  heated  above  the  temperature  of 
the  surrounding  portions,  it  expands  and  is  thus  made  lighter. 
This  causes  it  to  rise  up,  while  the  cooler  and,  consequently, 
heavier  portions  rush  in  from  all  sides  to  take  its  place.  As  the 
heated  liquid  rises,  it  comes  in  contact  with  cooler  liquid,  with 
which  it  shares  its  heat,  and  in  this  way  all  the  liquid  becomes 
heated.  This  mode  of  transmitting  heat  by  the  motion  of 
heated  fluids  is  called  convection,  and  the  currents  thereby 
induced  are  called  convection  cun-ents, 

76.  Illustration  of  Terms. — An  idea  of  the  difference  in 
the  modes  of  conveying  heat  by  conduction  and  by  convection 
may  be  obtained  by  the  following  illustration:  Suppose  a  pile 
of  sand  had  to  be  conveyed  to  a  point,  say,  100  feet  away,  and 
that  a  number  of  men  were  stationed  .at  short  intervals  between 
the  sand  and  the  point  of  delivery.  If  the  first  man  filled  a 
pail  with  the  sand  and  it  was  passed  along  the  line  to  the  point 
of  delivery,  the  mode  of  conveyance  would  illustrate  conduction. 
If,  on  the  other  hand,  each  man  had  a  pail  that  he  filled  at  the 
sand  pile  and  then  carried  to  the  point  of  delivery,  the  mode  of 
conveyance  would  illuhitrate  conrertionj  and  the  stream  of  men 
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passing  back  and  forth  would  represent  the  convection  currents. 
With  the  exception  of  the  liquid  metal,  mercury,  the  heat-con- 
ducting power  of  liquids  and  gases  is  very  low,  and  heat  is 
transmitted  through  them  chiefly  by  convection. 

It  is  due  to  this  principle  of  convection  that  the  water  in  a 
boiler  is  caused  to  circulate,  and  the  rapidity  with  which  heat 
will  be  absorbed  from  the  heating  surfaces  depends  on  the 
effectiveness  of  the  circulation  in  the  boiler. 

77.  Circulation  In  Boiler. — Proper  circulation  of  the 
water  is  essential  to  the  efficient  operation  of  a  boiler,  as  it 
tends  to  keep  all  parts  at  a  uniform  temperature,  and  therefore 
is  a  safeguard  against  overheating.  Besides  this,  when  the 
circulation  is  good,  it  prevents  to  some  extent  the  deposit  of 
lime  that  accumulates  from  the  feedwater.  The  circulation  of 
water  in  a  boiler  is  illustrated  in  Fig.  82,  where  (a)  is  a  longi- 
tudinal section  and  (6)  is  a  cross-section.  The  motion  of  the 
currents  is  shown  by  the  arrows.  The  heated  currents  rise  and 
carry  the  bubbles  of  steam  to  the  surface,  the  cooler  water  rush- 
ing in  to  take  their  places  over  the  heating  surface,  and  thus 
the  circulation  is  maintained.  View  (a)  shows  the  hot  water 
rising  up  and  flowing  towards  the  front  end,  while  the  cooler 
water  sinks  and  flows  towards  the  rear  end.  In  view  (6)  the 
warm,  water  is  seen  flowing  up  between  the  flues,  and  the  cold 
water  flowing  down  in  the  space  between  the  flues  and  the  shell 
of  the  boiler.  Since  the  cooler  water  flows  towards  the  rear 
end,  the  circulation  is  aided  by  introducing  the  feedwater  as  far 
ahead  as  possible.  This,  however,  is  not  the  chief  reason  why 
the  boiler  checks  are  placed  so  far  ahead  in  locomotive  boilers; 
when  the  water  is  introduced  near  the  front  end,  it  is  heated 
considerably  before  it  comes  in  contact  with  the  hot  firebox 
sheets,  which,  therefore,  are  not  subjected  to  such  sudden  con- 
traction as  would  otherwise  be  the  case,  and  hence  are  less  liable 
to  leak  or  crack.  Also,  the  coolest  water  circulates  around  the 
front  end  of  the  tubes  in  which  the  gases  are  about  to  pass  out 
into  the  smoke  arch,  and  thus  the  greatest  amount  of  heat  is 
absorbed  from  the  gases  by  the  water. 
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FEBDIl^G  THE  BOIIiER. 

78.  General  Remarks. — It  is  not  altogether  advisable  to 
attempt  to  maintain  a  constant  lieig^lit  of  water  in  the  boiler 
when  dealing  with  shmt  grades,  for  the  following  reasons:  If 
such  were  done,  the  injectors  would  have  to  be  worked  so  as  to 
supply  water  at  just  the  same  rate  at  which  it  was  being  used. 
In  other  words,  when  the  engine  was  doing  the  least  work,  the 
least  amount  of  water  would  be  injected  into  the  boiler,  while 
at  times  when  it  was  working  at  its  full  capacity,  the  greatest 
quantity  of  water  would  be  injected. 

Now,  as  it  requires  from  20  to  30  horsepower  to  operate  the 
injector  at  about  its  maximum  capacity,  and  as  this  steam  must 
be  supplied  by  the  boiler,  it  is  evident  that  operating  the 
injector  to  its  full  capacity  has  the  effect  of  considerably  redu- 
cing the  capacity  of  the  boiler.  So  long  as  the  engine  is  working 
light,  this  reduction  of  boiler  capacity  makes  no  difiFerence,  but, 
at  such  times  as  the  engine  has  to  exert  its  maximum  pull,  the 
reduction  referred  to  becomes  a  serious  matter. 

Working  the  injector  at  such  times  has  also  another  had 
effect:  When  water  is  fed  into  the  boiler  while  steam  is  being 
used,  the  fire  has  to  supply  the  heat  necessary  to  raise  this 
water  to  the  steaming  point  under  boiler  pressure,  in  addition 
to  supplying  the  heat  that  the  engine  converts  into  work. 
Now,  if  the  water  is  injected  into  the  boiler  at  the  same  rate 
that  it  is  being  used,  then,  the  harder  the  engine  is  working,  the 
more  heat  must  be  used  in  heating  the  water  injected,  so  that 
there  will,  consequently,  be  a  less  amount  of  heat  for  conversion 
into  work  in  the  cylinders.  This  has  the  same  effect  as  though 
the  capacity  of  the  boiler  were  still  further  reduced.  The  result 
is,  that  no  matter  how  much  the  fire  is  forced,  the  steam  pres- 
sure wiU  fall.  Not  only,  therefore,  is  fuel  wasted  through  the 
forced  firing,  but  the  fall  in  pressure  again  makes  a  reduction  in 
the  power  of  the  boiler.  It  is  more  expedient  and  economical 
to  feed  the  boiler  when  the  engine  is  not  working  steam,  or  when 
it  is  working  well  within  its  capacity,  and  advantage  should  be 
taken  of  all  such  occasions  to  increase  the  water  supply.  These 
remarks  as  to  maintaining  a  constant  height  of  water  do  not 
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apply  to  cases  where,  owing  to  the  hill  being  of  great  length,  or 
for  other  reasons,  the  engine  has  to  work  her  hardest  for  pro- 
longed periods.  In  such  cases,  the  rate  of  feed  must  be  main- 
tained equal  to  that  at  which  the  engine  is  using  the  water. 

No  hard-and-fast  rule  can  of  course  be  given  for  feeding 
a  locomotive  boiler,  since  so  much  depends  on  the  nature  of 
the  track,  the  train  load,  and  other  conditions  that  are  seldom 
the  same  in  any  two  cases;  yet  if  the  principles  of  boiler  feeding 
are  thoroughly  understood,  the  exercise  of  one's  judgment  will 
generally  result  in  the  right  thing  being  done  in  any  given  case. 

79.  Econoinlcal  Feeding^. — A  good  plan  when  practi- 
cable is  to  fill  the  boiler  up  during  intervals  when  the  engine 
is  not  working  or  is  working  well  within  its  capacity,  shutting 
off  the  injector,  if  possible,  during  such  times  as  the  engine  is 
called  on  for  an  extra  effort,  such  as  starting  a  train  away 
from  a  station,  relying  for  the  time  being  on  the  supply  in  the 
boiler.  In  such  a  case,  having  a  sufiScient  supply  of  water 
heated  and  stored  in  the  boiler  to  last  while  the  engine  is  work- 
ing hard,  the  injector  may  be  shut  off.  It  will  be  much 
easier,  therefore,  to  maintain  steam  pressure  during  the  heavy 
pull,  and,  by  forcing  the  fire,  steam  can  be  generated  at  a  much 
greater  rate.  In  this  way,  the  boiler  can  be  worked  to  its 
utmost  steaming  capacity,  which  will  enable  the  locomotive  to 
deal  with  loads  that  would  stall  it  were  the  injector  working. 

80.  Ascending  a  Grade. — In  most  cases,  however,  it 
will  be  necessary  to  supply  water  continuously  to  the  boiler 
while  the  engine  is  working  hard,  as,  for  instance,  while  ascend- 
ing a  long  grade.  The  best  plan  under  such  circumstances 
would  be  to  have  the  boiler  as  full  as  practicable  when  begin- 
ning the  ascent;  then  adjust  the  feed  so  that,  when  the  engine 
pitches  over  the  summit,  there  will  be  sufficient  water  left  to 
protect  the  crown  sheet.  The  boiler  should  be  refilled  while  on 
the  descent,  a  good  bright  fire  being  maintained  while  feeding, 
to  prevent  chilling  the  heating  surfaces. 

81.  Height  of  Water, — It  is  better  to  carry  a  moder- 
ately high,  rather  than  a  low,  water  level,  for  the  following 
reasons:    (1)  With  a  good  supply  of  water  in  the  boiler,  the 
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feed  water  will  have  less  cooling  efiFect,  and  both  the  temperature 
of  the  water  and  the  steam  pressure  will  remain  more  nearly 
uniform.  (2)  If  the  injectors  should  fail,  the  larger  volume  of 
water  will  allow  more  time  for  examination  and  repair  of  the 
injectors  before  it  becomes  necessary  to  draw  the  fire.  (3)  It 
enables  the  engineer  to  shut  off  the  injector  for  a  short  interval, 
and  thus  favor  the  fireman  when  necessary.  In  fact,  the 
feeding  and  firing  should  be  worked  in  harmony;  the  fireman 
should  keep  a  good  bright  fire  whenever  the  injector  is  working, 
and  the  engineer  should  feed  the  boiler  in  such  a  way  as  to 
assist  the  fireman  as  much  as  possible. 


FOAMIKG  AND  PRIMING 


FOAMIKG. 

82.  When  certain  impurities  are  present  in  the  boiler,  they 
cause  the  water  to  foam  and  suds  to  form  on  its  surface. 
Foaming:  may  be  due  to  the  presence  of  impurities,  such  as 
alkali  or  soda  in  excess,  grease,  soap,  some  kinds  of  oil,  and 
such  other  substances  as  will  cause  the  formation  of  suds.  It  is 
always  indicated  by  the  rapid  rising  and  falling  and  ^' riled'* 
appearance  of  the  water  in  the  gauge  glass,  and,  generally,  by 
water  discharging  from  the  stack.  The  valves  become  dry,  and 
jerk  and  rattle  the  reverse  lever,  and  in  some  instances,  the 
valves  or  pistons  groan  and  squeak,  showing  that  the  oil  has  all 
been  washed  away,  and  that  the  parts  are  dry  and  cutting. 
Foaming  affects  the  reading  of  the  water  gauges,  and  makes  them 
indicate  too  high  a  level;  there  is  danger,  therefore,  of  the 
crown  sheet  being  overheated,  and  for  that  reason  the  true  water 
level  should  be  ascertained  the  instant  that  indications  of 
foaming  appear.  To  determine  the  true  water  level,  close  the 
throttle  valve  slowly;  if  the  water  level  is  high,  and  it  remains 
at  the  same  height  when  the  throttle  is  closed,  it  indicates  that 
the  boiler  has  been  overpumped  rather  than  that  it  is  foaming; 
if  the  water  level  shows  a  decided  drop  when  the  throttle  is 
clo8ed,'the  boiler  is  most  likely  foaming.  In  this  case,  open 
the  cylinder  cocks,  to  protect  the  cylinder  heads;  place  the 
reverse  lever  in  full  gear,  and  keep  the  throttle  partly  open,  so 
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as  to  keep  the  train  moving;  then  put  on  both  injectors,  open 
the  surface  blow-oflf  cock,  if  there  is  one,  and  try  to  blow  off 
the  bad  water.  Close  the  throttle  frequently,  to  see  whether  the 
water  is  being  worked  off  faster  than  the  injectors  are  supplying 
it,  as  such  a  contingency  would  endanger  the  crown  sheet. 

In  using  the  bottom  blow-off  cock,  there  is  always  danger  of 
its  being  held  open  by  a  piece  of  scale  or  mud.  In  this 
emergency,  put  on  both  injectors,  so  as  to  hold  the  water  level, 
if  possible,  until  the  fire  has  been  drawn. 


PKIMING. 

83.  Causes  of  Priming:. — When  fine  particles  of  water 
are  carried  by  the  steam  from  the  boiler  into  the  cylinders,  the 
boiler  is  said  to  prime. 

Printilng:  may  be  caused:  (1)  by  insufficient  steam  space, 
due  either  to  the  design  of  the  boiler  or  to  the  water  being  car- 
ried too  high;  (2)  by  the  water  foaming;  (3)  by  a  sudden 
release  of  the  pressure,  due  to  the  throttle  being  opened  quickly 
or  the  safety  valves  blowing  off;  or  (4)  by  poor  circulation  of 
the  water.  The  water  next  to  the  heating  surface  is  always 
the  hottest;  therefore,  steam  is  first  generated  near  the  heat- 
ing surface.  This  steam  forms  little  bubbles,  which  are  pre- 
vented from  expanding  as  they  rise  by  the  resistance  offered  by 
the  water.  As  the  bubbles  approach  the  surface,  the  water 
exerts  less  and  less  resistance  i/o  the  expansion  of  these  steam 
bubbles,  until,  finally,  the  resistance  becomes  less  than  the 
expansive  force,  and  the  bubbles  explode  and  throw  small 
particles  of  water  up  into  the  steam  space.  Now,  when  the 
throttle  is  open,  the  steam  rushing  into  the  dome  tends  to  carry 
this  water  spray  with  it,  just  as  the  wind  tends  to  pick  up  and 
carry  dust  off  the  ground.  The  more  spray  thrown  up  from 
the  body  of  the  water,  or  the  greater  the  flow  of  steam  to  the 
dome,  the  greater  will  be  the  tendency  to  prime.  If  the  water 
level  is  high,  the  steam  will  have  a  shorter  distance  to  raise  the 
spray,  and  the  flow  of  steam  will  be  confined  to  a  smaller 
space;  consequently,  the  priming  will  increase. 

It  the  throttle  is  opened  quickly,  it  reduces  the  pressure  con- 
siderably on  the  water  just  under  the  dome.    This  causes  a 
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greater  flow  of  Bteam  bubbles  from  all  parts  of  the  heating  sur- 
face to  the  point  under  the  dome,  and,  consequently,  the  spray 
at  that  point  is  greatly  increased,  which  induces  priming. 

84.  Indications  of  Priming:. — ^The  fact  that  a  boiler  is 
priming  is  indicated  by  the  peculiar  flat  sound  of  the  exhaust, 
by  water  discharging  from  the  stack,  and  by  the  color  of  the 
steam  as  it  discharges  from  the  top  gauge-cock. 

Steam  is  a  colorless,  invisible  gas.  The  white  vapor  seen 
coming  from  the  exhaust  is  not  steam,  but  fine  water  particles 
formed  by  steam  condensing.  Steam  occupies  the  space  above 
the  water  in  the  glass  water  gauge,  although,  since  it  is  invisible, 
the  space  seems  to  be  empty.  If  dry  steam  issues  from  a  gauge- 
cock,  it  cannot  be  seen  for  at  least  an  inch  from  the  cock,  after 
which  it  becomes  gradually  whiter  and  whiter  the  farther  it  is 
from  the  cock.  Wet  steam  appears  as  a  dense  white  cloud  from 
the  moment  it  issues  from  the  cock,  and  its  color  is  about 
uniform  throughout,  due  to  the  water  particles  it  contains. 

As  soon  as  priming  is  noticed,  the  cylinder  cocks  should  be 
opened,  to  protect  the  cylinder  heads.  The  cause  should  then 
be  ascertained  and  remedied. 

85.  Effects  of  Priming:. — Priming  produces  a  number 
of  bad  effects:  (1)  It  washes  the  oil  from  the  valves  and 
cylinders,  thereby  causing  the  reverse  lever  to  work  hard,  and 
the  valves  and  cylinders  to  cut;  also,  power  is  lost,  as  it  requires 
additional  force  to  overcome  the  greater  frictional  resistance. 

(2)  It  endangers  the  cylinder  heads,  as  water  is  incompressible. 

(3)  Wet  steam  has  less  expansive  power  than  dry  steam,  and 
does  not  flow  as  freely.  This  causes  a  reduction  of  initial  pres- 
sure, and  increases  the  back  pressure,  both  of  which  cause  a 
waste  of  power.  (4)  The  hot  water  carried  away  with  the  steam 
does  no  useful  work,  the  heat  it  contains  being  wasted;  also, 
being  cooler,  it  condenses  steam  with  which  it  comes  in  contact. 

Priming,  therefore,  is  wasteful  and  should  be  prevented  if 
possible,  as  it  affects  the  coal  and  oil  records  very  materially. 
It  is  not  a  good  plan  to  let  the  engine  slip  while  water  is 
being  worked  through  the  cylinders,  as  it  is  liable  to  cause 
damage  to  the  engine. 
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liOW  WATBB. 

86.  Occasionally,  through  carelesaness  or  otherwise,  the 
water  level  is  allowed  to  get  dangerously  low,  and  then  there  is 
serious  trouble.  It  is  very  rare,  however,  that  this  event  is  due 
wholly  to  carelessness,  as  no  man  courts  the  disgrace  of  having 
** scorched"  his  engine.  The  trouble  is  generally  with  the 
feeding  apparatus.  If  the  injectors  fail  to  work,  close  the 
dampers  and  bank  the  fire  with  fine  green  coal.  It  is  better  to 
deaden  the  fire  in  this  way  rather  than  to  knock  it  out,  if  the 
water  is  very  low,  as  the  temporary  increase  in  temperature 
occasioned  by  drawing  the  fire  may  aggravate  the  trouble. 
After  the  fire  has  cooled  down  considerably,  it  may  be  knocked 
out  if  necessary.  In  that  event,  if  the  weather  is  cold,  the  boiler 
must  be  drained  of  all  water,  to  prevent  damage  by  freezing. 
Empty  the  tank  and  leave  both  tank  hose  uncoupled,  drain  all 
pipes  and  also  the  lubricator,  and  then  prepare  to  be  towed 
in.  Of  course,  the  train  should  be  fully  protected  from  tlie 
beginning. 

If  the  cause  of  the  trouble  has  been  found  and  remedied,  and 
water  is  close  by,  it  may  be  possible  and  desirable  in  some 
instances  to  fill  the  boiler  sufficiently  through  the  safety-valve 
opening  in  the  dome  to  protect  the  crown  sheet  until  steam  can 
be  raised  and  the  injector  operated.  If  another  engine  is 
handy,  the  boiler  may  possibly  be  filled  in  one  of  two  ways, 
namely:  (1)  if  there  is  sufficient  hose  at  hand,  connect  it  to 
the  delivery  pipe  of  the  injector  of  the  live  engine,  and  force 
water  into  the  dead  engine  through  the  opening  made  by 
removing  the  safety  valve  or  whistle;  or,  (2)  plug  up  the 
whistle  opening  and  the  relief  valves  in  the  steam  chests,  and 
any  openings  that  would  prevent  a  vacuum  being  formed  in  the 
boiler;  close  the  overflow  valve;  open  the  steam  and  water 
valves  on  the  injector;  open  the  engine  throttle,  and  place  the 
reverse  lever  in  full  gear  in  the  direction  the  engine  is  to  go, 
and  then  tow  the  engine  along  by  means  of  the  second  engine. 

The  cylinders  will  thus  act  as  air  pumps,  pumping  the  air 
out  of  the  boiler  and  producing  a  vacuum  there.  Atmospheric 
pressure  will  then  force  water  from  the  tank  into  the  boiler. 


§  6  LOCOMOTIVE  BOILERS.  91 

The  piston  rings  and  everything  around  the  boiler  must  be 
air-tight,  however,  or  else  sufficient  vacuum  cannot  be  formed 
and  the  scheme  will  not  work. 


Dili  IK  BOIIiBR. 

87.  Its  Eflfects. — The  effect  of  oil  in  a  boiler  depends 
entirely  on  its  nature.  Some  oils,  as  kerosene,  have  a  good 
effect,  as  they  tend  to  soften  and  remove  scale;  while  others, 
such  as  valve  oil,  lard  oil,  rape-seed  oil,  grease,  and,  in  fact,  all 
animal  and  vegetable  oils,  are  very  injurious,  as  they  not  only 
cause  foaming,  but  may  also  give  rise  to  overheating  of  the 
flues  or  crown  sheet.  The  solid  portion  of  the  impurities  in 
the  water  is  precipitated  when  the  water  boils,  uniting  with  the 
organic  matter  of  the  oil  (if  animal  or  vegetable)  and  producing 
a  thick  paste-like  formation  that  sticks  to  the  flues  and  sheets 
wherever  it  comes  in  contact  with  them.  This  deposit  is  a 
poor  conductor  of  heat,  and,  when  adhering  to  the  heating  sur- 
face, it  will  neither  pass  the  heat  on  to  the  water  nor  permit 
the  water  to  come  in  contact  with  the  heating  surface  to 
absorb  it;  the  result  is  that  the  parts  coated  by  this  deposit 
are  overheated. 

88.  Mineral  Oil  in  Boilers. — Mineral  oils  do  not  possess 
the  above  disadvantage  of  animal  oils,  and,  when  properly  used, 
have  a  good  effect  both  in  preventing  and  also  in  removing  many 
kinds  of  scale.  Some  grades  of  black  oil  have  been  used  for 
this  purpose  with  fairly  good  results,  but,  if  used  in  very  large 
quantities,  the  oil  may  cause  overheating.  Kerosene  oil  has 
been  used  with  very  good  results  on  some  roads,  and  it  has  not 
only  proved  a  prevention,  but  has  also  been  effective  in  break- 
ing up  and  loosening  hard  scale  after  it  has  formed.  To  derive 
the  full  benefit  from  the  use  of  oil  for  the  present  purpose,  it 
should  be  introduced  drop  by  drop  with  the  feedwater.  The 
oil  thus  fed  is  carried  to  all  parts  of  the  boiler,  and  the  danger 
of  overheating  from  its  use  is  reduced  to  a  minimum.  It  is 
claimed  by  those  who  have  used  kerosene  in  stationary  boilers 
that  1  quart  a  day  per  100  horsepower  will  keep  boilers  free 
from  most  scale  formations. 
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If,  by  any  means,  animal  or  vegetable  oil  gets  into  the  tank, 
the  heaters  should  be  used  to  assist  in  raising  the  oil  off  the 
surfaces  inside  the  tank,  and,  at  the  first  opportunity,  the  tank 
should  be  flooded  for  a  considerable  time,  to  pass  it  off. 


SCAIiE  AKD  MUD. 

89.  Incrustation,  or  scale,  as  it  is  usually  called,  is  the 
deposit  formed  in  a  boiler  by  the  precipitation  of  mineral 
substances  that  have  been  dissolved  by  the  feedwater,  or  by 
the  settling  of  mud  or  earthy  matter  that  has  simply  been  held 
in  suspension  in  it.  These  substances  accumulate  and  bake 
into  a  hard  scale,  which  may  cover  the  heating  surface  with  a 
layer  J  to  ^  inch  in  thickness.  Now,  a  thin  coat  of  scale  may 
be  of  advantage  if  the  feedwater  tends  to  corrode  the  plates,  as 
it  protects  the  latter  to  some  extent,  but  a  thick  coat  is  both 
wasteful  and  dangerous.  Some  experiments  performed  to 
determine  the  effect  of  sc(».le  on  the  economy  of  boilers  seem  to 
show  that,  with  a  layer  of  scale  y^  inch  thick  on  the  heating 
surface,  about  15  per  cent,  more  coal  must  be  used,  while,  with 
thicker  layers,  the  required  increase  in  coal  is  proportionally 
greater.  The  scale  acts  as  a  non-conducting  coat  to  the  heating 
surfaces,  and,  consequently,  not  only  wastes  heat  but  tends  to 
cause  the  surfaces  to  overheat. 

The  carbonates  and  sulphates  of  lime,  and  also  carbonate  of 
magnesia  are  the  most  troublesome  of  scale-forming  substances. 
Carbonate  of  lime,  such  as  marble  and  other  forms  of  limestone, 
dissolves  in  water  that  contains  carbonic  acid.  When  the  water 
is  heated,  the  carbonic  acid  is  driven  off,  and  the  carbonate  is 
precipitated  in  the  solid  form.  Carbonate  of  magnesia  acts  in 
a  similar  manner.  Sulphate  of  lime  is  completely  insoluble 
in  water  at  a  temperature  of  300°  F.,  so  that,  if  the  feedwater 
is  heated  to  about  that  temperature,  the  greater  part  of  the 
scale-fonning  materials  will  be  precipitated  in  the  solid  form. 
Scale  formed  from  carbonate  of  lime  is  soft  and  granular, 
while  that  formed  from  the  sulphate  is  hard  and  crust-like. 
Organic  substances  in  combination  with  carbonate  of  lime  make 
a  hard  and  troublesome  scale. 
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PREVENTION    OP   SCAUS. 

90.  The  Railway  Master  Mechanics'  Association  has  esti- 
mated the  losses  due  to  scale,  such  as  loss  of  fuel,  extra 
repairs,  etc.,  to  amount  to  ahout  $750  a  year  for  every  loco- 
motive in  the  Middle  and  Western  States.  It  is  evident, 
therefore,  that  the  formation  of  scale  and  the  means  of  preven- 
tion are  matters  of  considerable  importance. 

The  formation  of  scale  may  be  prevented:  (1)  by  separating 
the  scale-forming  substances  from  the  feedwater  before  it  is  fed 
into  the  boiler;  or  (2)  by  removing  the  soft  scale  from  the 
boiler  before  it  bakes  into  a  solid  crust  This  second  method 
of  prevention  will  now  be  considered. 

When  the  scale  is  formed  from  sediment,  mud,  clay,  or 
readily  soluble  salts  in  feedwater,  a  frequent  use  of  both  surface 
and  bottom  blow-off  cocks  will  keep  the  boiler  comparatively 
free  from  scale.  When  formed  from  the  carbonates  of  lime, 
magnesia,  or  iron,  we  may  employ  caustic  soda,  lime,  or  mag- 
nesia to  prevent  the  formation  of  hard  scale.  When  the  scale 
is  formed  from  sulphate  of  lime,  carbonate  of  soda  should  be 
introduced  into  the  boiler.  In  this  case,  the  sulphate  and  soda 
combine  and  form  a  sulphate  of  soda  that  is  soluble,  and  a 
carbonate  of  lime  that  forms  a  soft  scale  that  can  easily  be 
blown  out.  Carbonate  of  soda  (soda  ash  is  an  impure  form  of 
carbonate  of  soda)  should  not  be  introduced  in  large  quantities 
at  a  time,  however,  as  it  may  cause  foaming.  Some  organic 
substances  that  contain  tannic  acid,  such  as  the  bark  from  oak 
or  hemlock,  and  sumac,  logwood,  etc.,  have  been  used  in  some 
instances  and  found  effective  in  loosening  or  preventing  scale 
formed  from  carbonates  of  lime  or  magnesia;  but  tannic  acid 
is  very  liable  to  cause  corrosion,  and,  for  that  reason,  it  had 
better  not  be  used. 

Kerosene  oil,  as  already  mentioned,  has  been  found  useful  in 
preventing  and  removing  scale. 


CORROSION. 

91,  Forms  of  Corrosion. — Corrosion,  or  eating  away, 
of  the  boiler  plates  is  due  to  the  chemical  action  of  impure 
water.     It  is  very  destructive  in  its  action,  and  shortens  the 
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life  of  a  boiler  very  considerably.     Corrosion  presents  itself  in 
three  forms: 

1.  Uniform  corrosvm,  in  which  large  areas  of  plate  waste 
away,  there  being  no  sharp  line  of  division  between  the 
corroded  part  and  the  sound  plate.  In  some  such  cases,  it 
is  necessary  to  drill  a  hole  through  the  suspected  plate  and 
measure  its  thickness. 

2.  Pitting,  or  honeyetmhing,  which  can  be  readily  detected, 
as  the  plates  are  eaten  away  in  spots,  and  are  indented  with 


holes  and  cavities  from  Vr  to  i  inch  deep.     The  appearance  of 

a  pitted  plate  is  shown  in  Fig.  33  (a). 

3.  Grooving,  which  is  generally  caused  by  the  plates  buck- 
ling at  the  joints  when  undtT  prc'ssure;  this  starts  a  small 
crack  that  is  acted  upon  by  the  corrosive  agents  in  the  water, 
and  soon  deepens  into  a  groove  along  the  seam,  as  shown  in 
Fig.  33  {}>).  Grooving  is  sometimes  tlie  result  of  careless 
workmanship  in  calking,  the  sharp  calking  tool  leaving  a 
mark  all  along  the  seam,  which  acts  as  a  small  crack  to  start 
the  grooving. 

92,  Causes  of  Corrosion. — The  following  are  some  of 
the  impurities  thiit  will  cause  corrosion  in  a  boiler:  (1)  Acids; 
(2)  chloride  and  sulphate  of  magnesium;  (3)  grease  (giving 
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rise  to  acids);  (4)  dissolved  carbonic  acid  and  oxygen.  To 
prevent  corrosion,  therefore,  the  water  must  be  purified  of  its 
corrosive  impurities  before  it  is  fed  into  the  boiler;  or,  if  the 
impure  water  must  be  used,  some  agent  that  will  neutralize  the 
impurities  should  be  introduced  into  the  water. 

When  acids  are  present  in  the  water,  they  may  be  neutralized 
by  adding  an  alkali.  For  chloride  and  sulphate  of  magnesia, 
add  carbonate  of  soda.  The  action  of  grease  may  be  neutralized 
by  carbonate  of  soda  or  slaked  lime.  Dissolved  carbonic  acid 
and  oxygen  require  the  addition  of  slaked  lime  or  caustic  soda. 
When  the  boiler  is  known  to  contain  corrosive  impurities, 
its  interior  should  be  inspected  frequently  for  indications  of 
corrosion. 


BliOWrN^G  OFF. 

93.  The  way  in  which  a  boiler  is  emptied  by  bloT^ing:  off 
is  often  responsible  for  the  formation  of  a  great  deal  of  scale, 
and  sometimes  for  cracked  sheets  and  broken  stay  bolts.  A 
boiler  should  never  be  emptied  by  blowing  ofif  under  a  high 
steam  pressure,  unless  in  emergencies.  When  time  is  of  no 
object,  the  boiler  should  be  allowed  to  cool  gradually  until  under 
a  very  low  pressure,  and  then  emptied.  When  the  boiler  must 
be  cooled  and  emptied  quickly,  for  washing  out  or  for  any  other 
purpose,  all  but  about  a  gauge  of  water  should  be  blown  off, 
and  the  boiler  then  filled  gradually  with  water.  The  blow-off 
cock  may  then  be  opened,  keeping  sufficient  water  flowing  into 
the  boiler  to  keep  the- water  level  about  constant.  By  this 
means,  the  body  of  water  in  the  boiler,  and,  consequently,  the 
boiler  itself,  will  be  cooled  gradually,  the  sediment  will  not  be 
baked  on  the  heating  surfaces,  and  there  will  be  less  tendency 
for  sheets  and  stays  to  crack  and  break.  When  the  pressure  is 
reduced  sufficiently,  the  boiler  may  be  emptied,  and  it  should 
be  allowed  to  cool  before  again  filling  with  cold  water. 

When  carbonate  of  soda  or  soda  ash  is  used  to  prevent  the 
formation  of  scale,  frequent  blowing  out  of  the  water  is  resorted 
to,  to  remove  the  dissolved  scale  and  neutralized  soda  ash.  This 
should  be  done  often  enough  to  prevent  foaming. 
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EXCESSIVE  PRESSURE. 

94.  Fortunately,  excessive  overpressure  in  locomotive 
boilers  is  not  of  frequent  occurrence,  yet  every  engineman 
should  understand  how  to  safely  relieve  the  boiler  of  over- 
pressure, as  ignorance  on  this  subject  may  lead  to  a  disastrous 
explosion.  If  the  pressure  rises  above  the  safe  limit,  it  should 
be  reduced  by  starting  the  injectors,  closing  the  dampers,  cover- 
ing the  fire  with  enough  fresh  coal  to  deaden  it.  Do  not  open 
the  safety  valve  however.  The  sudden,  heavy  reduction  of  pres- 
sure caused  by  quickly  opening  the  throttle  or  the  safety  valve 
produces  a  violent  rush  of  steam  and  water  against  the  parts 
of  the  boiler  adjacent  to  the  valve,  and  the  force  of  the  shock 
may  be  sufficient  to  cause  the  boiler  to  give  way.  Steam  valves 
should  never  be  opened  or  closed  very  suddenly  at  any  time;  it 
should  be  done  very  grradually  in  times  of  overpressure. 


COIiLAPSED  riiUES. 

95.  Iron  flue  plugs,  for  plugging  the  ends  of  collapsed 
flues,  are  generally  carried  on  the  engine,  together  with  a  plug- 
ging bar.  In  the  event  of  a  flue  collapsing,  it  will,  in  all 
probability,  deaden  the  fire  sufficiently  for  protec^tion,  and 
the  flue  can  then  be  plugged — first  the  firebox  end  and  then  the 
front  end.  To  do  this,  a  plug  is  attached  to  the  end  of  the 
plugging  bar,  with  which  it  is  inserted  and  driven  into  the  end 
of  the  flue.  In  some  cases,  the  flue  may  be  in  such  a  position 
that  it  cannot  be  plugged  by  means  of  the  plugging  bar,  in 
which  case  it  will  be  necessary  to  knock  out  or  bank  the  fire,  to 
cool  off  the  firebox,  before  the  flue  can  be  plugged. 

If  iron  plugs  are  not  at  hand,  wooden  ones  may  be  made  and 
used;  the  wooden  plug  will  burn  off  even  with  the  flue,  but  no 
farther.  Of  course,  the  train  must  be  protected  with  fljigs  the 
moment  it  is  brought  to  a  standstill.  While  driving  the  plug 
in  the  flue,  keep  out  of  its  range,  so  that  if  it  should  be  forced 
out  by  the  steam  pressure  no  harm  will  be  done. 

If  the  engine  is  not  provided  with  a  plugging  bar,  the  plug 
may  be  fastened  to  a  long  pole  (if  available)  and  then  inserted 
in  the  flue  end,  driving  it  home  with  an  iron  bar  or  a  piece  of 
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rail,  observing  not  to  hammer  so  hard  as  to  injure  the  sheet 
The  engineer's  first  efforts,  when  a  flue  bursts,  should  be 
directed  to  reducing  the  pressure,  so  as  to  be  able  to  set  about 
the  above  operations  more  quickly. 


BOIIiBB   INSPECTION. 

96.  Locomotive  boilers  should  be  tested  and  carefully 
inspected  at  regular  intervals  for  corrosion,  grooving,  etc. 
When  a  boiler  is  new  or  has  been  repaired,  a  strength  test  is 
applied.  This  test  for  strength  may  be  made  by  the  hydro- 
static, or  cold-water,  test;  by  the  warm-water  test;  or  by  steam 
pressure.  Sometimes  the  first  two  tests  and  sometimes  the  first 
and  third  are  used. 

The  cold-water  test  consists  in  forcing  cold  water  into  the 
boiler  by  means  of  a  force  pump  until  the  required  testing 
pressure  is  obtained.  This  method  will  show  up  leaks  that 
would  not  be  found  if  the  plates  were  heated,  as  the  expansion 
of  the  plates,  due  to  this  heat,  would  stop  the  leaks. 

The  warm- water  test  consists  in  filling  the  boiler  entirely  full 
of  cold  water,  and  then  heating  the  water  until,  in  trying  to 
expand,  it  exerts  the  required  pressure.  It  may  be  necessary  to 
use  a  pump  in  connection  with  this  to  get  the  required 
pressure. 

The  steam  test  consists  either  of  getting  up  steam  Ur  the 
required  pressure  in  the  ordinary  way,  or  else  by  turning  it  in 
from  another  boiler. 

While  the  boiler  is  under  pressure,  the  hammer  test  is  some- 
times employed  to  determine  the  condition  of  the  plates. 
Light  blows  are  struck  with  a  hammer  on  different  parts  of  a 
plate  and  the  condition  of  the  plate  judged  from  the  sound 
and  resistance. 

A  careful  inspection  should  also  be  made  for  defects  and 
indications  of  weakness,  such  as  a  change  of  form  in  the  shell. 

After  the  test,  the  boiler  should  be  emptied  and  the  inside 
carefully  inspected,  to  detect  any  defective  or  broken  stayrods, 
and  staybolts  should  then  be  tested  by  means  of  the  hammer 
test,  preferably  under  air  pressure. 
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BOIIiER  EXPLOSIONS. 

97.  Cause. — Boiler  explosione  are  always  due  to  the  fact 
that  some  part  of  the  boiler  is,  for  some  reason,  too  weak  to  with- 
stand the  pressure  to  which  it  is  subjected.  This  may  be  due 
to  one  of  two  causes :  Either  the  boiler  is  not  strong  enough  to 
safely  carry  its  proper  working  pressure,  or  else  the  pressure  has 
been  allowed  to  rise  above  the  usual  point  by  the  sticking  of  the 
safety  valves,  or  some  similar  cause. 

98.  Elements  of  Weakness. — A  boiler  may  be  unfit  to 
carry  its  working  pressure  for  one  or  more  of  the  following 
reasons:  (1)  Defective  design;  (2)  defects  in  workmanship  or 
material;  (3)  corrosion  and  general  wear  and  tear;  (4)  mis- 
management in  working. 

1.  Defective  Dedgn. — This  consists,  among  other  things,  in 
designing  boilers  in  such  a  manner  that  access  cannot  be  had  to 
the  places  most  liable  to  wear  and  tear.  Defective  water  circu- 
lation may  also  be  a  result,  and  this  may  lead  to  excessive 
incrustation  and  consequent  collapse. 

2.  Defects  of  Material  and  Workmanship, — The  material  may 
be  faulty  in  the  first  place,  the  plates  containing  blisters, 
laminations,  etc.,  or  they  may  have  been  burned  or  injured  in 
flanging,  bending,  or  welding;  or  they  may  be  scored  along  the 
seams  by  sharp  calking  tools.  The  rivets,  also,  may  have  been 
burned  or  imperfectly  upset.  The  plates  may  have  been  injured 
in  patching,  or  the  patches,  if  in  a  firebox,  may  have  been  burned. 
Also,  the  greater  expansion  and  contraction  of  the  new  plate 
forming  the  patch  is  injurious.  Patching  a  firebox  is  an 
important  job. 

3.  Corrosion  J  Pitting  y  and  Grooving, — The  strength  of  the 
shell  may  be  much  weakened  by  these  causes.  In  some  boiler 
explosions,  the  plates  have  been  found  wasted  to  less  than  a 
sixteenth  of  an  inch. 

Fractures,  which  ultimately  end  in  explosions,  may  be  pro- 
duced  by  letting  the  cold  feedwater  come  directly  in  contact 
with  the  hot  plates.  The  feed  should  be  introduced  into  the 
coolest  part  of  the  boiler. 
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4.  Bad  Managefmtnt, — The  pressure  of  the  steam  may  be 
allowed  to  rise  above  the  normal  pressure  by  neglect  or  mis- 
management. The  safety  valves  may  stick  fast  to  their  seats. 
The  crown  sheet  may  become  overheated  to  such  an  extent 
that  the  stays  pull  through  and  thus  cause  an  explosion;  or 
the  explosion  may  result  from  putting  water  on  the  sheet  while 
red  hot.  In  this  latter  case,  an  excessive  pressure  wiU  be 
suddenly  generated  that  may  force  the  crown  sheet  down,  or 
else  the  sheet  may  suddenly  contract  to  such  an  extent  as  to 
produce  a  rupture. 

Should  the  crown  sheet  become  overheated,  close  the 
dampers,  smother  the  fire  with  fine,  wet  coal,  and  open  the  fire- 
door  a  little.  Do  not  start  the  injector ^  and  do  not  stop  or  start  the 
engine  or  touch  the  safety  valves^  as  any  such  change  of  conditions 
might  cause  a  sudden  increase  of  pressure  that  would  force  the 
crown  sheet  down  and  cause  an  explosion.  Just  smother  the 
fire,  and  allow  the  crown  sheet  to  cool  gradually  until  it  will  be 
safe  to  begin  feeding  slowly.  If  the  sheet  is  found  to  have 
become  red  hot,  the  engineer  should  give  up  his  train,  as  it  is 
impossible  to  tell  just  what  damage  has  occurred  without 
making  a  close  and  careful  examination. 

* 

99.  A  Source  of  Dangrer. — A  weak  boiler  may  possibly 
be  exploded  by  a  sudden  opening  or  closing  of  the  throttle  valve. 
That  such  an  explosion  is  possible  is  shown  by  the  following 
experiment  made  by  the  United  States  inspectors:  A  cylin- 
drical boiler  was  tested  and  withstood  a  steam  pressure  of  300 
pounds  without  injury.  It  was  then  filled  again  and  the  steam 
pressure  was  run  up  gradually,  the  discharge  valve  being  opened 
at  intervals  and  the  fall  in  pressure  noted.  When  the  valve 
was  suddenly  opened  at  a  pressure  of  235  pounds,  the  boiler 
gave  way,  the  iron  being  twisted  and  torn  into  fragments  and 
thrown  in  all  directions.  The  reason  for  this  was  that  the 
sudden  rush  of  steam  from  the  boiler  into  the  discharge  pipe 
reduced  the  pressure  in  the  boiler  very  rapidly;  this  reduction 
of  pressure  caused  the  sudden  formation  of  a  great  quantity  of 
steam  within  the  water,  and  the  heavy  mass  of  water,  being 
thrown  with  great  violence  towards  the  opening  whence  the 
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steam  was  being  withdrawn,  struck  the  portions  of  the  boiler 
near  that  opening  and  caused  the  fracture.  Explosions  from 
the  foregoing  cause  are  probably  rare,  still  it  is  well  to  use 
caution  in  opening  or  closing  the  throttle  or  safety  valves. 

The  destructive  nature  of  a  steam-boiler  explosion  is  due  to 
the  enormous  amount  of  energy  stored  in  the  steam  and  heated 
water.  Professor  Thurston  calculates  that  1  cubic  foot  of  water, 
heated  at  constant  volume  until  its  pressure  is  60  to  70  pounds 
per  square  inch,  has  about  the  same  energy  as  1  pound  of  gun- 
powder, and  that  the  energy  stored  in  a  plain  cylindrical  boiler 
at  100  pounds  pressure  is  sufficient  to  project  it  to  a  height  of 
over  3J  miles. 

100.  Violence  of  Explosion. — If  a  boiler  fractures  while 
undergoing  the  hydrostatic  test,  the  water  escapes  through  the 
rent  in  the  plate,  and  no  explosion  takes  place  because  the  cold 
water  has  little  or  no  stored  energy.  But  when  a  boiler  filled 
with  steam  and  water  at  high  temperature  (and  pressure) 
fractures,  a  violent  explosion  follows.  The  steam  escaping 
through  the  initial  fracture  diminishes  the  pressure  on  the  water 
in  the  boiler;  the  water  being  at  a  very  high  temperature,  this 
diminution  of  pressure  leaves  it  free  to  generate  instantaneously 
a  new  and  large  volume  of  steam.  The  sudden  overloading  of 
the  boiler  due  to  the  extra  steam  thus  formed  is  what  really 
produces  the  disastrous  eJBFects  observed  in  an  explosion. 
Generally  speaking,  the  larger  the  body  of  the  contained  water, 
the  more  disastrous  is  the  result.  The  safety  of  water-tube 
boilers  is  thus  accounted  for  by  the  fact  that  they  consist  of 
numerous  parts  or  sections,  each  containing  a  relatively  small 
body  of  water.  The  bursting  of  one  of  these  sections  is 
unusual,  on  account  of  its  small  diameter,  and  should  it  occur, 
no  disastrous  explosion  would  be  likely  to  follow,  on  account  of 
the  small  quantity  of  water  it  contains. 

Boiler  explosions  may  be  prevented  by  the  use  of  a  properly 
designed  and  well-made  boiler,  placed  under  careful  manage- 
ment. The  boiler  must  be  regularly  inspected,  repaired  when 
necessary,  and  removed  from  service  before  becoming  so  worn 
out  as  to  be  dangerous. 


Steam,  Cylinders,  and  Valve  Gears. 


(PART    1.) 


WORK  AND  ENERGY. 

1,  Before  taking  up  the  study  of  locomotive  cylinders, 
valves,  and  valve  gears,  it  is  advisable  to  make  a  brief  study 
of  work  and  energy;  of  heat  and  temperature;  of  the  effects  of 
heat  and  the  relation  between  heat  and  work;  also,  a  study  of 
steam  and  its  properties,  and  of  a  simple  steam  engine.  A 
good  knowledge  of  these  subjects  will  be  of  great  assistance  to 
the  student,  not  only  in  studying  the  remainder  of  this  course, 
but  in  his  every-day  work,  as  he  will  understand  much  better 
the  forces  under  his  control,  and  what  takes  place  within  his 
engine.  He  will  therefore  be  better  prepared  to  deal  with  any 
emergency  that  may  arise. 


WORK. 


DEFnOTIONS. 


2,  Force. — In  the  study  of  work,  a  clear  conception  of  the 
difference  between  force,  work,  and  power  should  be  gained. 

The  word  force  is  given  to  that  agency  which  produces, 
destroys,  or  changes  the  direction  of  motion,  or  tends  to  do  so. 
It  is  given  to  any  pressure,  tension,  push,  or  pull,  whether 
applied  directly  to  a  body,  or,  like  the  force  of  gravity,  through 
an  invisible  medium. 

3,  Work. — Work  consists  in  producing,  destroying,  or 
changing  the  direction  of  motion  in  opposition  to  a  resisting 
force — that  is,  in  moving  a  body  against  a  resisting  force. 
When  water  is  raised  from  a  well,  or  earth  from  a  hole  in  the 
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ground,  or,  in  fact,  when  anything  is  raised  from  a  lower  to  a 
higher  level,  work  is  done  in  overcoming  the  force  of  gravity. 
In  bending  a  board  or  in  driving  a  nail  into  it,  the  positions  of 
some  of  the  molecules  of  the  wood  are  changed  with  relation  to 
one  another,  and  the  work  performed  in  either  case  is  done  in 
overcoming  the  resistance  that  the  molecules  offer  to  such 
change.  If  a  sled  is  drawn  over  bare  ground,  work  is  done 
in  overcoming  the  force  of  friction  that  acts  between  the  earth 
and  the  sled  runners  to  stop  the  motion  of  the  sled. 

If  we  stop  and  consider  the  actions  that  constitute  the  work 
performed  by  a  man,  a  horse,  or  a  steam  engine,  we  find  that 
motion  is  an  essential  element.  In  raising  a  stone  a  man  does 
work,  since  he  raises  it  against  the  resisting  force,  gravity;  the 
stone  has  work  done  upon  it,  since  it  is  made  to  move  against 
the  action  of  the  force  of  gravity.  If  the  man  were  merely 
to  support  the  stone  in  his  arms,  he  would  do  no  work  in 
the  sense  the  term  is  used  in  mechanics,  because,  altliough 
he  supports  the  stone,  he  does  not  move  it  against  the  action 
of  a  resisting  force. 

4.  The  Elements  of  Work. — To  do  work  it  is  necessary 
to  move  a  body  in  opposition  to  a  force  that  tends  to  prevent 
that  movement.  Resistance  and  space,  therefore,  are  essen- 
tial elements  of  work.  A  horse  in  drawing  a  load  does  work, 
the  amount  of  which  depends  on  the  resistance  offered  to  the 
movement  of  the  load  and  on  the  distance  through  which  it  is 
drawn.  The  amount  of  work  done  in  raising  the  weight  of  a 
pile  driver  depends  on  the  height  to  which  it  is  raised,  and 
on  the  resistance  (the  force  of  gravity)  against  which  it  is 
raised.  When  the  expansive  force  of  steam  in  a  steam  cylinder 
forces  the  piston  out,  it  does  work,  the  amount  of  which  depends 
on  the  distance  (length  of  stroke)  through  which  the  force  acts 
and  on  the  resistance  against  which  the  piston  is  moved. 

Work  cannot  he  done  on  a  body  that  offers  absolutely  no 
resistance  to  the  action  of  the  force;  neither  can  a  body  do 
work  unless  its  motion  is  resisted  by  an  opposing  force.  On 
the  other  hand,  whenever  a  force  produces,  destroys,  or  changes 
motion,  it  does  wort 
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XINIT    OF    WORK. 

5.  Kinds  of  Work. — There  are  many  kinds  of  work,  such 
as  raising  weights,  winding  up  springs,  overcoming  frictional 
resistances,  etc.,  and,  in  order  to  be  able  to  measure  and  com- 
pare different  kinds  of  work,  it  is  necessary  to  have  a  common 
unit  of  measurement.  Now,  work,  as  has  been  seen,  consists  in 
producing,  destroying,  or  changing  motion  against  a  resistance, 
and,  if  the  same  resistance  is  encountered,  the. amount  of  work 
expended  in  effecting  the  motion  will  be  the  same,  regardless  of 
whether  the  motion  is  vertically  upwards  or  in  any  other  direc- 
tion. This  being  true,  it  is  simply  necessary  to  combine  a  unit 
of  resistance  and  a  unit  of  space  to  form  a  unit  of  work.  One 
unit  of  resistance  is  the  pound;  a  unit  of  space  is  the  foot; 
therefore,  w^hen  these  units  of  length  and  resistance  are  used, 
the  unit  of  work  is  called  the  foot-pound, 

6.  The  Foot-Pound.  —  A  foot-pound  represents  the 
amount  of  work  necessary  to  move  a  body  througli  a  distance 
of  1  foot  against  a  resisting  force  of  1  pound.  For  example, 
if  a  1- pound  weight  is  raised  vertically  upwards  1  foot,  1  foot- 
pound of  work  is  done;  or,  if  a  steady  pull  of  1  pound  is 
required  to  move  a  sled,  1  foot-pound  of  work  will  be 
expended  in  moving  it  1  foot. 

7.  Amount  of  Work  Performed. — We  may  determine 
the  amount  of  work  (in  foot-pounds)  done  in  any  case  by 
means  of  the  following  rule: 

Rule. — The  amount  of  work  perfoiTiied  is  found  by  multiplying 
tfie  resistance  in  jwurids  by  the  distance  in  feet  throvgh  which  the 
body  is  moved  againd  the  action  of  the  resisting  force. 

In  the  case  of  a  locomotive  running  at  constant  speed,  the 
resisting  force  of  tlie  train  is  equal  to  the  drawbar  pull,  for  if  it 
were  greater,  it  would  stop  the  train,  and  if  it  were  less,  the 
speed  would  constantly  increase;  hence,  if  a  locomotive  exerts 
a  drawbar  pull  of,  say,  17,000  pounds  in  moving  a  train,  it  does 
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1  X  17,000,  or  17,000  foot-pounds  of  work  for  every  foot  it 
moves  the  train;  therefore,  in  traveling  1,000  feet,  1,000  X 
17,000  or  17,000,000  foot-pounds  of  work  will  be  done  on 
the  train. 


POWER. 


8.  Definition. — Pow^er  is  the  rate  of  doing  work.  In  cal- 
culating the  amount  of  work  done  (Art.  7),  the  resisting  force 
and  the  distance  the  body  is  moved  against  it  are  multiplied 
together,  but  the  time  conmmed  in  doing  the  work  is  not  taken  into 
consideration. 

For  example,  the  amount  of  work  done  in  raising  500  pounds 
of  wheat  2  feet  is  the  same  whether  it  is  raised  in  1  minute  or 
in  5  hours.  A  small  child  could  raise  the  wheat,  lifting  a  little 
at  a  time,  and  it  would  do  as  much  work  as  the  man  who  could 
raise  100  pounds  at  a  time;  but  the  power  of  the  man,  that  is, 
the  rate  at  which  he  is  capable  of  doing  work,  is  evidently 
much  greater  than  that  of  the  child. 

9.  Rate  of  Doing:  Work. — By  the  term  rate  of  dolngr 
work  is  meant  the  amount  of  work  done  in  a  unit  of  time. 

Rule. — To  determine  the  rate  at  which  work  is  done,  divide  the 
toted  amount  of  work  in  foot-pounds  by  the  time  in  mijiutes  required 
to  do  the  work. 

Example. — An  engine,  while  exerting  a  constant  drawbar  pull  of 
10,000  pounds,  travels  12,000  feet  in  5  minutes.  At  what  rate  is  it 
doing  work? 

Solution. — The  total  amount  of  work  done  in  5  minutes  is  10,000 
X  12,000,  or  120,(XK),()00  foot-pounds.  The  rate  at  which  the  work  is 
done,  therefore,  is  120,000,000  divided  by  5,  or  24,000,000  foot-pounds 
per  minute.     Ans. 

10.  Horsepower. — The  unit  of  power  commonly  used  to 
express  the  rate  of  doing  work  is  called  a  horsepower. 
It  represents  the  ability  to  do  33,000  foot-pounds  of  work  in 
1  minute.  Thus,  if  a  hoisting  engine  could  just  raise  33,000 
pounds  1  foot  in  1  minute,  it  would  be  called  a  l-horsepower 
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engine.  A  10- horsepower  engine  can  do  work  at  ten  times  that 
rate;  that  is,  it  can  raise  330,000  pounds  1  foot  per  minute, 
33,000  pounds  10  feet  per  minute,  or  3,300  pounds  100  feet  per 
minute.  The  word  ^* horsepower''  is  generally  abbreviated  and 
written  H.  P. 

Rule. — To  determine  the  rate,  In  horsepoTver,  at  which  work 
is  done,  divide  the  total  quantity  of  work  by  83,000  times  the  number 
of  minutes  required  to  do  the  work 

Example.— A  locomotive,  exerting  a  constant  drawbar  pull  of  15,000 
pounds,  moves  a  train  10,000  feet  in  10  minutes.  At  what  rate,  in 
horsepower,  is  the  engine  doing  work? 

Solution. -^The  total  quantity  of  work  done  is  15,000X10,000, 
or  150,000,000  foot-pounds;  the  rate,  in  horsepower,  is  therefore 
150,000,000  divided  by  33,000  X  10,  or  456  H.  P.,  nearly. 


ENERGY. 


BITERGT    DEFINED. 


11.  Energry  is  the  ability  to  do  work;  in  other  words,  it 
is  the  ability  to  produce,  destroy,  or  change  motion  in  opposi- 
tion to  a  resisting  force. 

All  men  and  animals  possess  this  power  to  a  greater  or  less 
degree.  The  falling  weight  of  a  pile  driver,  a  rolling  stone, 
a  car  in  motion — in  fact,  any  body  of  matter  in  motion — is 
capable  of  doing  work  in  being  brought  to  rest,  and,  therefore, 
possesses  energy. 

A  body  in  motion  possesses  energy  because  of  its  motion,  and 
the  greater  its  velocity,  the  mare  energy  it  possesses. 


KINETIC    ENERGY. 


12,  Energy  due  to  the  motion  of  a  body  is  called  kinetic 
energ^y,  meaning  moving  or  ax;tual  energy.  The  amount  of 
kinetic  energy  a  body  possesses  depends  on  its  weight  and  on 
the  velocity  with  which  it  is  moving. 
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Rule. — To  find  the  kinetic  energy  of  a  body  in  foot-jHtunds, 
multiply  the  velocity  of  the  body  in  feet  per  second  by  itself  and  by 
the  weight  of  the  body  in  pounds,  and  divide  the  product  by  64- S^. 

Example. — Suppose  a  car  weighing  40,000  pounds  is  moving  at  the 
rate  of  10  feet  per  second;  wliat  energy,  in  foot-pounds,  does  it  possess? 

Solution. — Since  its  velocity  is  10  feet  per  second,  and  its  weight 
40,000  pounds,  the  amount  of  energy  it  possesses,  at  that  speed,  will  be 

"aFq9  " — »  ^^  about  62,189  foot-pounds,  and  the  car  could  i)erform 

62,189  foot-pounds  of  work  in  being  brought  to  rest. 

Had  the  car  been  moving  with  a  speed  of  20  feet  per  second,  it  would 

20  X  20  X  40  000 
have  possessed fu~^9~^ — '  ^^  about  248, 756  foot-pounds  of  energy — 

four  times  as  much  as  when  traveling  at  the  rate  of  10  feet  per  second. 


POTENTIAX    EXERGY. 

13.  A  body  may  have  no  motion,  and  therefore  wiU  possess 
no  kinetic  energy,  yet,  by  virtue  of  an  advantage  in  position, 
it  may  possess  energy  of  another  form. 

For  instance,  a  pile-driver  weight  has  no  energy  and  can  do  no 
work  while  it  is  simply  resting  on  the  ground,  and  when  held 
aloft  it  appears  to  be  just  as  devoid  of  energy.  That  it  possesses 
energy  when  in  the  latter  position,  however,  can  very  readily 
be  proved  by  allowing  it  to  fall.  In  fact,  there  is  a  great 
difference  between  the  weight  resting  on  the  ground  and  the 
weight  suspended  in  the  air:  in  the  former  position  it  can 
do  no  work;  in  the  latter  it  can,  and  its  energy,  or  ability 
to  do  work,  in  the  latter  case,  is  due  simply  to  its  advantage 
of  position. 

It  w'ill  thus  be  seen  that  energy  may  exist  in  two  widely 
different  forms:  (1)  it  may  exist  as  actual  motion^  as  in  the 
case  of  any  mechanical  motion,  or  the  invisible  motions  of 
the  molecules  of  a  body;  or,  (2)  it  may  exist  in  a  stored-up 
condition,  by  virtue  of  the  body  (as  in  the  case  of  a  raised 
pile-driver  weight),  or  its  molecules  (as  in  the  case  of  a  com- 
pressed spring),  occupying  a  position  or  positions  of  advantage. 
This  stored-up  energy  is  called  potential  energy. 
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TTLAHSFOBMATION    OF    ENEBGT. 

14.  Energy  in  one  form  may  be  transformed  into  energy 
of  another  form.  The  following  is  a  good  illustration  of  trans- 
forming, or  changing,  kinetic  energy  into  potential  energy,  and 
then  retransforming  it  into  kinetic  energy: 

Suppose  a  stone  to  be  thrown  straight  up  in  the  air.  It 
starts  with  its  greatest  velocity  (and,  therefore,  with  its  greatest 
amount  of  kinetic  energy),  which,  as  the  stone  rises,  gradually 
decreases  until  the  stone  has  attained  its  greatest  height,  when 
the  velocity  is  all  spent.  For  an  instant,  before  starting  down- 
wards, the  stone  is  at  rest,  and  therefore  for  that  instant  it 
possesses  only  potential  energy.  The  kinetic  energy  with  which 
the  stone  started  was  all  spent,  or  used  up,  in  raising  the  stone 
to  its  position  of  advantage,  by  virtue  of  which  it  possesses  its 
potential  energy.  In  falling,  this  potential  energy  is  gradually 
spent  in  increasing  the  velocity  of  the  stone  and,  therefore,  its 
kinetic  energy,  until,  on  reaching  its  starting  point,  the  stone 
has  regained  the  same  amount  of  velocity  and,  therefore,  of 
kinetic  energy,  it  had  on  starting  upwards. 

At  the  instant  of  beginning  and  ending  its  flight  the  stone 
possesses  only  kinetic  energy;  during  its  flight  it  possesses 
both  kinetic  and  potential  energy.  The  potential  energy 
increases  and  the  kinetic  energy  decreases  as  the  stone  rises, 
while,  as  it  falls,  the  kinetic  energy  increases  and  the  potential 
energy  decreases.  During  every  instant  of  the  stone's  flight 
the  sum  of  its  kinetic  and  potential  energies  is  constant,  and 
energy  is  neither  created  nor  destroyed,  but  is  simply  trans- 
formed from  one  form  to  the  other. 

There  is  a  certain  amount  of  energy  stored  in  coal  in  the 
form  of  potential  energy.  When  the  coal  is  burned,  this  energy 
is  liberated  and  is  changed  into  kinetic  energy  in  the  form  of 
heat.  The  kinetic  energy  of  the  heat  changes  water  into  steam, 
which  thus  has  a  certain  amount  of  potential  energy;  when  this 
steam  is  allowed  to  act  on  the  piston  of  a  steam  engine,  causing 
it  to  move  and  overcome  a  resisting  force,  its  potential  energy  is 
changed  into  kinetic  energy,  and  does  work. 
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CONSERVATION    OF    ENERGY. 

15«  The  principle  of  conservation  of  energry  teaches  us 
that  energy,  like  matter,  cannot  be  destroyed,  and  that  the  total 
quantity  in  the  universe  remains  constant.  If  a  clock  is  put  in 
motion,  the  potential  energy  of  the  spring  is  changed  into  the 
kinetic  energy  of  motion,  which  turns  the  wheels,  thus  producing 
friction.  This  friction  produces  heat,  which  is  carried  away  by 
the  surrounding  air;  but  still  the  energy  is  not  destroyed — it 
merely  exists  in  another  form. 


HEAT:    EFFECTS  AND  MEASUREMENT. 


HBAT. 


DEFINITION. 

16.  Heat  is  a  form  of  energy;  it  is  a  kind  of  motion  of  the 
molecules  composing  matter.  These  molecules  are  never  at 
rest,  but  are  constantly  moving  to  and  fro,  bumping  and  jostling 
one  another  in  much  the  same  manner  as  a  swarm  of  bees. 
It  is  this  movement  of  the  molecules  that  produces  the  sensa- 
tions of  warmth  and  cold.  If  the  motion  is  rapid,  the  body 
feels  warm  to  the  touch;  if  it  is  slow,  the  body  feels  cold. 


TEMPKRATURE. 

17.  Definition. — Tempei-ature  is  a  term  used  to  indi- 
cate how  hot  or  how  cold  a  body  is;  that  is,  to  indicate  the 
rate  of  vibration  of  the  molecules  of  a  body.  A  hot  body  is 
said  to  have  a  high  temperature;  a  cold  body,  a  low  temper- 
ature. When  a  body  receives  heat  from  any  source  its  tem- 
perature rises;  on  the  other  hand,  when  a  body  loses  heat 
its  temperature  falls. 

18.  Temperature  Not  a  Quantity. — The  term  tempera- 
ture does  not  mean  the  same  as  quantUy  of  heat,  and  the  quantity 
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of  heat  a  body  posseEses  cannot  be  deterininecl  from  its  tempera- 
ture. For  instance,  a  cup  of  water  may  have  a  temperature  of 
212°  P.,  yet  it  does  not  possess  nearly  the  quantity  of  heat  that 
a  pail  of  water  at  50°  F.  does.  Again,  the  cup  of  water  may 
be  at  a  lower  temperature  than  the  water  in  the  pail,  in  which 
case  it  will  neither  have  the  temperature  nor  the 
quantity  of  heat  of  the  latter. 

"Temperature"  may  be  considered  to  be  a' 
measure  of  the  velocity  of  the  molecules  of  a  body 
as  they  move  to  and  fro,  while  "quantity  of  heat" 
may  be  considered  to  be  the  energy  of  the  molecules 
composing  the  body. 

19.  Measurement  of  Temperature. — Tem- 
perature is  measured  by  means  of  an  instrument 
called  a  thermometer,  one  type  of  which  is  shown 
in  Fig.  1.  It  consists  of  a  glass  tube,  closed  at  both 
ends,  and  having  a  bulb  at  the  lower  end.  The  bulb 
and  the  lower  end  of  the  tube  are  filled  with  mer- 
cury, which,  on  being  heated  or  cooled,  expands  or 
contracts  in  proportion  to  the  change  of  temper- 
ature. This  expansion  or  contraction  causes  the 
top  of  the  mercury  column  to  rise  or  fall,  and  since 
equal  changes  of  temperature  make  the  mercury 
column  rise  or  fall  equal  distances,  the  graduations 
on  the  scale  are  made  equal  throughout. 

20.  Combination  Thermometer. — In  Pig.  1 
is  shown  a  combination  thermometer,  that  is,  one 
that  has  two  scales.  The  scale  on  the  left, 
marked    F,  in   combination    with    the    glass    tube 

forms  a  Fahrenheit  thermometer  (so  named  after  its  ^">-  '■ 
inventor),  which  is  the  one  commonly  used;  the  scale  C  on  the 
right  forms,  in  combination  with  the  glass  tube,  a  centigrade 
therriKntieter.  The  centigrade  thermometer  is  need  by  scientists 
throughout  the  world  on  account  of  the  graduations  being  better 
adapted  for  calculations. 

21.  Gradaatlns  a  Thermometer. — The  graduations  on 
the  scale  of  a  thermometer  are  obtained  as  follows:     First,  the 
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thermometer  ie  placed  in  melting  ice,  and  the  point  to  which 
the  mercury  column  falls  is  marked  and  called  the'  freezing 
point;  it  is  next  placed  in  steam  that  is  escaping  from  an  open 
vessel,  and  the  point  to  which  the  mercury  rises  in  the  tube  is 
marked  and  called  the  boiling  point.  These  are  two  fixed 
points;  that  is,  the  mercury  column  will  always  register  these 
same  points  when  the  thermometer  is  placed  in  broken  ice  or 
in  steam,  under  the  conditions  explained  above. 

22.  Freezing:  Point  and  Boiling:  Point. — ^The  freez- 
ing: point  marks  the  temperature  at  which,  under  atmospheric 
pressure,  water  freezes  and  forms  ice,  or  at  which  ice  melts  and 
forms  water,  since  water  freezes  and  ice  melts  at  exactly  the 
same  temperature. 

The  boiling:  point  marks  the  temperature  at  which  water 
boils  and  forms  steam,  when  subjected  to  atmospheric  pressure. 

Having  these  two  fixed  points,  the  distance  between  them  is 
divided  into  eijual  parts,  the  number  of  divisions  depending 
on  whether  the  scale  is  for  a  Fahrenheit  or  a  centigrade 
thermometer. 

23.  Fahrenlieit  Thennometer. — The  Fahrenheit 
thermometer  is  made  by  dividing  the  distance  on  the  scale 
between  the  freezing  and  boiling  points  into  180  equal  divi- 
sions, called  degrees.  The  freezing  point  is  marked  32,  and 
the  boiling  point  212;  32  divisions  are  marked  off  from  the 
freezing  point  downwards,  and  the  lowest  one  is  marked  0. 
This  is  called  the  zero  point  of  the  scale.  The  graduations  may 
be  extended  above  the  boiling  point,  or  below  the  zero  point, 
as  desired. 

Ipstead  of  writing  the  word  degrees  after  each  reading  of  tem- 
perature, it  is  customary  to  represent  it  by  a  symbol — a  small 
circle  placed  above  and  to  the  right  of  the  figures.  Also, 
the  word  Fahrenheit  is  usually  represented  by  the  letter  P. 
Thus,  32°  F.  means  the  same  as  though  it  were  written 
**32  degrees  Fahrenheit,"  and  8**  F.,  the  same  as  *'8  degrees 
Fahrenheit."  In  this  thermometer  there  are  212  divisions, 
or  d^rees,  between  the  zero  point  and  the  boiling  point 
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24.  Centlgrrade  Thermometer, — In  the  centigri*fl<de 
thermometer,  the  freezing  point  is  marked  0,  and  the  boiling 
point  100,  the  distance  between  the  two  being  divided  into 
100  equal  divisions.  As  in  the  Fahrenheit  scale,  the  divisions 
may  be  carried  above  the  boiling  point  and  below  the  zero 
point.  The  word  centigrade  is  usually  abbreviated  and 
written  C,  as,  for  example,  10®  C,  28°  C,  etc. 

25.  Thermometer  Readingps. — Beginning  with  0®,  the 
divisions  on  both  the  Fahrenheit  and  centigrade  scales  are 
numbered  1,  2,  3,  4,  etc.,  both  above  and  below  the  zero  point 
Therefore,  in  giving  the  lower  readings  of  a  thermometer,  it  is 
necessary  to  state  the  number  of  d^rees  and  whether  they  are 
above  or  below  zero. 

To  distinguish  temperatures  below  zero  from   those  above, 

the  sign   of  subtraction  is  always   placed  before  the  former, 

Thus,  12°  means  12°  above  zero  on  both  scales,  while  — 12° 
means  12°  below  zero. 

26.  Absolute  Temperature. — The  freezing  point  was 
chosen  as  the  zero  point  of  the  centigrade  scale.  Fahrenheit 
placed  the  zero  point  of  his  thermometer  32°  below  the  freezing 
point,  as  that  was  the  lowest  temperature  he  could  obtain,  and 
he  supposed  that  it  was  impossible  to  obtain  a  lower  one. 
From  the  results  of  experiments  and  from  calculations,  how- 
ever, it  has  been  concluded  that  at  460°  F.  below  zero,  or 
492°  F.  below  the  freezing  point,  there  is  absolutely  no  heat. 
This  is  therefore  called  the  absolute  zero,  and  all  temperatures 
reckoned  from  this  point  are  called  absolute  teoiperatures. 
Absolute  zero  has  never  been  reached,  the  lowest  recorded 
temperature  being  in  the  neighborhood  of  — 400°  F. 

27.  Keckonlngr  Absolute  Temperature. — Absolute 
temperature  may  be  reckoned  either  on  the  Fahrenheit  or  on 
the  centigrade  scale.  Between  0°  absolute  and  0°  F.  there  are 
460  Fahrenheit  degrees;  between  0°  absolute  and  the  freezing 
point  there  are  460 -f  32,  or  492°;  while  between  0°  absolute 
and  the  boiling  point  there  are  460  +  212,  or  672°.  Between 
0°  absolute  and  0°  C.  there  are  273  J  centigrade  degrees. 
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Absolute  Temperature,  FahrenheiL — If  the  absolute  temperature 
of  a  body  in  degrees  Fahrenheit  is  given,  its  temperature  on 
the  ordinary  Fahrenheit  thermometer  can  be  found  by  sub- 
tracting 460  from  the  absolute  temperature.  If  the  absolute 
temperature  is  less  than  460,  subtract  it  from  460,  and  the 
result  will  be  the  temperature  heUm  zero  on  the  Fahrenheit 
thermometer. 

The  absolute  temperature  of  a  body  in  d^rees  Fahrenheit 
may  be  found  from  its  Fahrenheit  temperature  by  adding  460 
to  it,  when  the  thermometer  reading  is  above  zero;  if  the 
thermometer  reading  is  below  zero,  subtract  the  reading  from 
460.  Thus,  150**  F.  =  150  +  460  =  610*»  F.  absolute;  and, 
—23^  F.  =  460  —  23  =  437**  F.  absolute. 

Absolute  Temperature,  Centigrade, — ^To  find  the  absolute  tem- 
perature of  a  body  from  its  centigrade  temperature,  add  the 
centigrade  temperature  to  273^  when  it  is  above  zero,  and 
subtract  it  from  273^  when  below  zero.  Thus,  60**  C.  =  273J 
+  60,  or  333J^  C.  absolute;  —10  C.  =  273^  —  10,  or  263^° 
C.  absolute. 

To  find  the  centigrade  temperature  of  a  body  from  its 
absolute  temperature,  subtract  273^  from  the  absolute  tem- 
perature.    Thus,  300°  absolute  =  300  —  273^,  or  26$°  C. 

If  the  absolute  temperature  is  less  than  273^,  subtract  the 
absolute  temperature  from  273^,  and  the  result  will  be  the 
centigrade  temperature  below  zero.  Thus,  250°  absolute  = 
273 J  —  250,  or  23J**  C.  below  zero. 

28.     Chang^lng:  From  Centlgrrade  to  Falirenheit. — It 

is  frequently  necessary  to  change  from  one  scale  to  the  other. 
For  example,  what  would  80®  C.  be  on  the  Fahrenheit  scale? 
Since  the  number  of  degrees  between  the  freezing  point  and 
the  boiling  point  on  the  centigrade  scale  is  100,  and  on  the 
Fahrenheit  180,  1°  F.  will  equal  {^  C  =  i°  C.  Likewise, 
r  C.  will  equal  ||^  F.  =  |°  F. 

Bule. — Malt'vply  the  centigrade  temperature  by  ^  and  add  S2; 
the  residt  is  the  Fahrenheit  temperature.  IJ,  however,  the  given  temr 
perature  is  bebw  zero  and  its  prodtict  by  f  is  greater  than  S2, 
subtract  32;  the  result  is  the  FahenheU  temperature  below  zero. 
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Example. — What  will  be  the  reading  of  a  Fahrenheit  thermometer  if 
a  centigrade  thermometer  indicates  a  temperature  (a)  of  100°  C?  (6)  of 
— 40*»  C? 

Solution.— (a)  Applying  the  rule,  100  X  {  =  180;  180  +  32°  =  212°  F. 
Ans.  (6)  40  X  I  =  72.  Since  the  given  temperature  is  below  zero  and 
its  product  by  f  is  greater  than  32,  —40°  C.  =  40  X  { —  32  =  40°  F. 
below  zero.    Ans. 

29.     Chansrinsr  From  Fahrenheit  to  Centifirrade. — To 

change  Fahrenheit  temperatures  to  .their  centigrade  values. 

Rule. — First  of  aU:  (a)  If  the  given  Fahrenheit  temperature  is 
S2*^  or  greater,  subtract  32  from  it;  (b)  if  between  0°  and  S2^^  sub- 
tract it  from  82;  (c)  if  below  0^,  add  32  to  it.  The  result,  in  each 
case,  midtipUed  by  -J  will  be  the  centigrade  temperature;  in  the  cases 
of  (b)  and  (c)  the  temperatures  will  be  below  zero. 

Example.— What  will  be  the  reading  on  a  centigrade  thermometer 
if  a  Fahrenheit  thermometer  indicates  a  temperature  (a)  of  60°  F.? 
(6)  of  20°  F.?  (c)  of  -20°  F.? 

Solution.— (a)  Applying  the  rule,  60  — 32  =  28;  28X  f  =  15J°  C. 
Ane.  (6)  32  —  20  =  12;  12  X  f  ■=  6J°  C.  below  zero.  Ans.  (c)  20 
-h  32  =  52;  52  X  t  =  28}°  C.  below  zero.    Ans. 


EFFECTS    OF    HEAT. 

30.  Rise  of  Temperature. — Suppose  a  cylinder  AB, 
Fig.  2,  fitted  with  a  piston  P,  and  half  filled  with  water  at  a 
temperature  of  30°  F.,  is  placed  on  a  fire.  Heat  will  be  com- 
municated to  the  water  and  will  increase  the  velocity  of  ite 
molecules;  that  is,  their  kinetic  energy  will  increase,  and  if 
a  thermometer  is  placed  in  the  water,  it  will  indicate  a  rise  of 
temperature.  One  effect  of  heat,  therefore,  is  to  raise  the  temper- 
ature  of  the  body  to  which  it  is  applied. 

31.  Expansion  of  Body. — After  a  certain  temperature 
is  reached,  the  molecules  of  the  water  not  only  move  faster  but 
they  separate  farther  from  one  another,  and  their  paths  are 
longer.  Since  the  molecules  are  farther  apart,  it  follows  that 
the  water  must  occupy  more  space  than  formerly,  or,  in  other 
words,  it  expands.  This  expansion  will  be  indicated  by  the 
piston  P  rising  as  the  water  is  heated.  Another  effect  of  heat, 
therefore,  is  to  expand  the  body  to  which  it  is  applied.     Other 
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familiar  examples  of  the  expansion  of  bodies  due  to  heat  are 
as  follows: 

The  tires  on  locomotives  are  bored  out  smaller  than  the 
wheel  centers  on  which  they  are  to  fit,  and  are  then  expanded 
by  the  application  of  heat  until  they  will  go  on;  on  cooling 
they  contract  again,  and  grip  the  wheel  very  firmly.  Also,  the 
rails  of  a  railway  are  considerably  longer  in  summer  than  in 
winter,  due  to  expansion  caused  by  the  increase  in  temperature. 

Generally,  the  greater  part  of  the  heat  given  to  a  body  is 
spent  in  raising  its  temperature,  and  but  little  goes  to  expand 
the  body. 

32.  Lilmlt  of  Temperature. — Suppose  the  piston,  Fig,  2, 
is  now  removed  from  the  cylinder,  and  a  thermometer  sus- 
pended in  the  water.  As  heat  is  applied  to 
the  cylinder,  the  thermometer  will  show  a 
gradual  rise  in  temperature  until  212**  F.  is 
reached,  after  which  the  temperature  will 
remain  cimstant,  no  matter  how  much  heat 
is  applied.  Before  212^  F.  is  reached,  most 
of  the  heat  was  spent  in  raising  the  temper- 
ature of  the  water,  and  but  little  in  increas- 
ing the  distance  between  its  molecules. 
Afterwards,  however,  all  the  heat  is  used  in 
overcoming  the  attraction  of  the  molecules 
for  one  another,  and  in  separating  them  so 
far  that  they  no  longer  attract,  but  actually 
repel  one  another.  In  other  words,  the  heat 
is  used  in  changing  the  water  into  a  vapor 


Fig.  2. 


called  steam. 


33.    Chaniclnj?  Solids  to  Liiquids  or  Lilquids  to  Gases. 

If  a  block  of  ice  at  a  temperature  lower  than  32 **  F.  is  heated, 
its  temperature  will  rise  until  32**  F.  is  reached,  when  it  will 
remain  stationary.  The  ice  will  then  begin  to  melt  and  the 
heat  applied  to  it,  instead  of  increasing  its  temperature,  is  all 
used  in  effecting  this  change  of  state.  Here,  then,  is  another 
effect  of  heat.  It  will  change  a  solid  into  a  liquid,  or  a  liquid  into 
a  gas  or  vapor. 
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SX:XSIBL£    HEAT    AXD    LATENT    IIEAT. 

34.  That  part  of  the  heat  which  goes  to  raise  the  tempera- 
ture of  a  body  and,  therefore,  affects  the  thermometer  is  called 
sensible  lieat;  that  which  is  expended  on  the  molecules  of 
a  body  in  changing  it  from  a  solid  to  a  liquid,  or  from  a 
liquid  to  a  vapor,  but  does  not  affect  its  temperature,  is  called 
latent  heat. 

MEASXJREMENT    OE   HEAT. 

35.  Unit  of  Heat. — Heat  cannot  be  measured  directly  in 
pounds  or  gallons,  or  by  any  like  units,  but  must  be  measured 
by  the  effects  it  produces.  The  usual  method  is  to  measure  the 
change  of  temperature  it  produces  in  a  known  weight  of  water. 

To  measure  heat  there  must  be  a  unit  of  measurement,  and 
this  unit  is  called  a  heat  unit,  or  British  thermal  unit,  this  latter 
being  abbreviated  into  **B.  T.  U.^' 

A  heat  unit  is  the  quantity  of  heat  required  to  raise  the 
temperature  of  1  pound  of  water  through  1°  Fahrenheit.  Thus, 
1  heat  unit  will  raise  the  temperature  of  1  pound  of  water 
1**  F.,  2  pounds  i°  F.,  or  10  pounds  tV°  F. ;  10  heat  units  will 
raise  the  temperature  of  1  pound  of  water  10°  F.,  10  pounds 
l^F.,  or  20  pounds  J°F.;   etc. 


RELATION    BETWEEN    HEAT    AND    WORK. 

36.  Suppose  the  piston.  Fig.  2,  had  been  allowed  to  remain 
in  the  cylinder  while  the  water  w^as  being  changed  into  steam. 
Steam  at  212°  F.  occupies  nearly  1,700  times  the  space  that  its 
water  orginally  occupied;  hence,  the  piston  would  be  lifted  in 
the  cylinder  to  make  room  for  the  steam  that  was  being  formed. 
To  raise  the  piston,  however,  work  must  be  done.  Here,  then, 
is  an  example  of  work  being  done  by  heat.  On  the  other  hand, 
^Dork  mill  produce  heat  If  two  blocks  of  wood  are  rubbed 
briskly  together,  they  will  become  warm,  and  may  even  ignite 
and  burn.  The  work  of  friction  causes  the  journals  and  bear- 
ings of  fast- running  machines  to  heat.  An  iron  rod  may  be 
raised  to  a  considerable  heat  by  pounding  it  on  an  anvil.  The 
work  done  by  the  driver  brake  in   holding  the  engine  back 
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on  a  down  grade  generates  heat  that  raises  the  temperature 
of  the  tires;'  and,  if  the  brakes  are  held  on  for  a  sufficient 
length  of  time,  tlie  heat  generated  will  expand  the  tires  until 
they  become  loose  on  the  driving  wheels. 

Since  work  may  be  changed  into  heat,  and  heat  into  work,  it 
seems  probable  that  some  fixed  ratio  exists  between  the  unit  of 
heat  and  the  unit  of  work.  By  a  careful  series  of  experiments, 
Dr.  Joule,  of  England,  discovered  this  ratio.  He  found  that 
1  unit  of  heat  would  do  772  foot-pounds  of  work;  later  and 
more  accurate  experiments,  however,  show  that  1  heat  unit  will 
do  778  foot-pounds  of  work.  The  quantity  778  foot-pounds  is 
called  the  mechanical  equivalent  of  1  heat  unit,  or  Joule^s 
equlTalent. 

Experiment  has  shown,  therefore,  that  heat  can  be  converted 
into  work,  or  work  into  heat;  that  778  foot-pounds  of  work,  if 
converted  into  heat,  will  produce  1  unit  of  heat,  or  that  1  heat 
unit  will  do  778  foot-pounds  of  work. 


STEAM  AKD   THE   STEAM  ENGINE. 


STEAM. 


DEFINITION    OF    STEAM. 


37.  steam  is  a  colorless  water  vapor;  that  is,  it  is  water 
changed  into  a  gaseous  state  by  the  application  of  heat.  The 
process  of  changing  water  into  steam  by  the  application  of  heat, 
is  called  ebullition,  or  boilinsr. 


THE    FORMATION    OF   STEAM. 

38.  When  water  is  heated  in  a  vessel,  the  air  contained  in 
the  water  is  first  driven  off — some  escaping  from  the  surface, 
and  some  collecting  in  bubbles  on  the  sides  of  the  vessel.  As 
the  temperature  of  the  water  nears  the  boiling  point,  bubbles 
of  steam  form  at  the  heating  surface  and  rise  until  they  meet 
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the  upper  and  cooler  portions  of  the  water,  when  they  collapse 
with  a  slight  sound.  This  sound  is  produced  by  the  steam 
bubbles  condensing,  allowing  the  surrounding  water  to  come 
violently  together.  The  '^  singing  "  of  a  teakettle  just  before  it 
begins  to  boil  is  caused  by  the  collapsing  of  a  large  number 
of  steam  bubbles. 

As  soon  as  the  upper  portions  of  water  become  sufficiently 
heated,  the  bubbles  cease  to  collapse;  they  grow  slightly  larger 
as  they  rise,  and  on  nearing  the  surface  explode  and  throw 
small  particles  of  water  up  into  the  steam  space.  This  causes 
the  violent  agitation  of  the  surface  of  the  water  known  as  boil- 
ing— a  sure  sign  that  the  water  is  being  converted  into  steam. 

Water,  then,  may  be  converted  into  steam  by  imparting  heat 
to  it.  Steam,  on  the  other  hand,  may  be  condensed  or  changed 
back  into  water  by  abstracting  heat  from  it.  The  latter  process 
is  called  condensing^  and  the  water  r^ained  is  called  water 
oj  condensatum, 

8ATUBATED    STEAM. 

39.  Explanation  of  Term. — ^The  term  ''saturated," 
when  applied  to  steam,  does  not  have  the  same  meaning  as 
when  applied  to  a  sponge;  that  is,  it  is  not  intended  to  convey 
the  idea  that  the  steam  is  saturated  with  water.  Steam  is 
called  saturated  steam  when  it  is  at  the  greatest  density  and 
pressure  corresponding  to  its  temperature,  under  which  con- 
dition it  contains  Just  sufficient  heat  to  maintain  it  in  the  state 
of  steam.  While  in  this  state,  any  increase  of  pressure  or  loss 
of  heat  will  cause  some  of  it  to  condense.  This  is  the  con- 
dition of  steam  in  a  boiler. 

Since  saturated  steam  is  in  that  critical  state  whereby  a  slight 
change  of  pressure  or  loss  of  heat  will  reconvert  some  of  it  into 
water,  it  has  not  the  permanent  condition  of  a  true  gas,  the 
physical  state  of  which  is  unaffected  either  by  a  change  of 
pressure  or  by  a  loss  of  heat,  or  by  both.  Saturated  steam, 
consequently,  does  not  follow  the  ''laws  of  gases." 

40.  Temperature  of  Saturated  Steam. — ^The  tempera- 
ture of  saturated  steam  depends  on  the  pressure  only;  that  is. 
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for  every  pressure  it  has  a  definite  temperature,  and  this 
temperature  is  always  the  same  as  that  of  the  water  with  which 
it  may  be  in  contact. 

On  account  of  this  property,  the  temperature  of  the  steam  in 
a  boiler  may  be  determined  from  the  steam-gauge  reading,  or 
tlie  pressure  of  the  steam  may  be  determined  from  its  temper- 
ature, provided  the  relations  between  temperature  and  pressure 
are  known.  These  relations  have  been  determined  by  experi- 
ment throughout  a  wide  range  of  pressures,  and  are  given  in 
the  Steam  Table  on  pages  22  and  23. 


SUPERHEATED    STEAM. 

41.  Explanation   of  Term. — Superheated  steam  is 

steam  whose  temperature  is  higher  than  that  corresponding  to 
its  pressure  as  given  in  the  above  mentioned  table. 

Saturated  steam  may  be  superheated  in  two  ways:  (1)  by 
separating  it  from  water  and  imparting  additional  heat  to  it; 
or,  (2)  by  allowing  it  to  expand  without  doing  work,  in  which 
case  superheated  steam  of  a  lower  pressure  will  be  formed. 

Steam  cannot  be  superheated  while  in  contact  with  water, 
owing  to  the  fact  that  any  heat  added  would  go  to  form  more 
satumted  steam,  without  affecting  the  temperature  of  that 
already  formed.  Neither  can  superheated  steam  exist  in  the 
presence  of  water.  If  too  much  water  is  not  present,  a  suf- 
ficient part  of  the  excess  heat  of  the  steam  will  be  used  to 
evajwrate  and  superheat  it,  thereby  reducing  the  excess  of  heat. 
If  there  is  too  much  water  for  the  excess  heat  to  evaporate, 
the  steam  will  be  reduced  to  the  point  of  saturation,  the  super- 
heat being  entirely  used  up  in  converting  the  water  into 
saturated  steam. 

42.  Use  of  Superheated  Steam. — Saturated  steam  is 
not  a  true  gas,  although,  as  has  been  found  by  experiment, 
when  superheated  about  20°  F.  it  behaves  very  nearly  like  a 
true  gas.  If  saturated  steam  suffers  any  loss  of  heat,  some  of  it 
will  condense.  Superlieated  steam,  on  the  other  hand,  must 
lose  all  of  its  excess  heat  before  condensation  commences. 
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It  is  not  practicable  to  use  steam  that  has  been  superheated 
more  than  a  few  degrees,  because  if  superheated  to  any  great 
extent  it  vigorously  attacks  and  corrodes  the  surface  of  the  metal 
with  which  it  comes  in  contact,  both  in  the  superheater  and 

in  the  engine. 

-  ■  • 

WET   ANB   DRY  STEAM. 

43.  Explanation  of  Terms. — Steam,  unless  superheated, 
always  contains  more  or  less  moisture  in  the  form  of  minute 
particles  or  spray  mixed  with  it.  It  is  the  amount  of  moisture 
which  steam  contains  that  determines  whether  it  is  to  be  called 
wet  or  dry.  Strictly  speaking,  only  superheated  steam  is  dry, 
since,  in  practice,  saturated  steam  always  contains  some  mois- 
ture; yet  the  term  **dry''  is  not  applied  to  the  former,  but  is 
intended  to  indicate  the  condition  of  saturated  steam. 

Wet  steam  is  steam  that  contains  considerable  moisture 
mixed  with  it  in  the  form  of  minute  spray. 

Dry  steam,  in  the  usual  meaning  of  the  term,  is  steam  that 
contains  but  very  little  moisture  in  suspension.  In  practice, 
steam  containing  less  than  3  per  cent,  of  moisture  is  considered 
as  dry;  steam  containing  more  than  3  per  cent,  is  considered  as 
wet  steam.     Superheated  steam  contains  no  moisture  whatever. 

44.  Respective  Properties. — Dry  saturated  steam  and 
superheated  steam  are  colorless,  while  wet  steam,  owing  to  the 
amount  of  water  spray  it  contains,  appears  white.  The  condi- 
tion of  the  steam  in  a  boiler,  therefore,  can  be  judged  to  some 
extent  by  the- appearance  of  a  jet  of  steam  issuing  from  a  small 
orifice  situated  some  distance  above  the  water  in  the  boiler. 

Superheated  steam  will  be  transparent  for  a  couple  of  inches 
from  the  orifice,  after  which  it  will  gradually  change  to  a  bluish, 
and  then  to  a  grayish-white  color,  depending  on  its  distance 
from  the  orifice. 

Dry  steam  has  a  very  faint  bluish  color  at  the  orifice,  which 
gradually  changes  to  a  grayish-white  as  its  distance  from  the 
orifice  increases. 

Wet  steam  has  a  dense  white  appearance  from  the  moment  it 
leaves  the  orifice,  and  its  appearance  does  not  change  much 
thereafter. 
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TVTREDBAWN    STSAM. 

45.  When  steam  has  its  pressure  reduced  in  passing 
through  a  contraction  in  a  valve,  steam  port,  or  steam  passage, 
it  is  said  to  be  wlredra-wn,  or  throttled.  Partly  closing  a 
steam  valve  or  the  throttle  of  an  engine,  therefore,  wiredraws 
the  steam  passing  through  it,  and  the  more  the  valve  or  throttle 
is  closed,  the  more  the  steam  is  wiredrawn. 

The  wiredrawing  of  steam  tends  to  superheat  it;  therefore,  if 
the  steam  supplied  to  an  engine  is  wet,  it  will  often  be  found 
advisable  to  wiredraw  it  by  partly  closing  the  throttle. 


PBOPEBTFES    OF    SATUBATEB    STEAM. 

*46.  Saturated  steam  possesses  a  number  of  properties  that 
change  as  the  pressure  of  the  steam  is  changed.  These 
properties  are  as  follows: 

1.  The  temperature  of  the  steam. 

2.  The  heat  of  the  liquid.  By  this  term  is  meant  the  number 
of  heat  units  required  to  raise  1  pound  of  water  at  32°  F.  to  the 
temperature  of  the  steam. 

3.  The  latent  heat  of  vaporization^  or,  as  it  is  usually  called, 
latent  heat.  Latent  heat  was  defined  in  Art.  34.  By  '*  latent 
heat  of  vaporization"  is  meant  the  number  of  heat  units 
required  to  change  1  pound  of  water  at  the  boiling  temperature 
into  steam  at  the  same  temperature. 

4.  The  total  heat  of  vaporization,  or,  simply,  total  heai.  By 
** total  heat"  is  meant  the  number  of  heat  units  recjuired  to 
raise  the  temperature  of  1  pound  of  water  at  32°  F.  to  the 
boiling  point,  and  to  convert  it  into  steam  of  the  temperature 
and  pressure  in  question.  The  total  heat  is  equal  to  the  sum 
of  the  heat  of  the  liquid  and  the  latent  heat. 

5.  The  speciji^  volume  of  the  steam.  This  is  the  space,  in 
cubic  feet,  that  1  pound  of  steam  at  the  given  pressure  occupies. 

6.  The  density  of  the  steam.  This  is  the  weight  of  1  cubic 
foot  of  steam  at  the  given  pressure. 
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47.  Effect  of  Pressure. — All  of  the  foregoing  properties 
are  diflferent  for  different  pressures.  For  instance,  if  water  boils 
under  atmospheric  pressure,  its  temperature  and  the  tempera- 
ture of  the  steam  generated  is  212®  F. ;  the  heat  of  the  Uquid  is 
180.531  heat  units;  the  latent  heat,  966.069  heat  units;  the 
total  heat,  1,146.6  heat  units.  A  pound  of  steam  at  this  pres- 
sure occupies  26.37  cubic  feet  of  space,  and  a  cubic  foot  of  the 

steam  therefore  weighs  0^07)  or  .038,  pound,  nearly. 

When  the  pressure  is  70  pounds  per  square  inch  above 
vacuum  (70 —  14.7,  or  55.3  pounds  gauge),  the  temperature  is 
302.774°  F.;  the  heat  of  the  liquid  is  272.657  heat  units;  the 
latent  heat  is  901.629  heat  units;  and  the  total  heat  is 
1,174.286  heat  units.  A  pound  of  steam  at  this  pressure 
occupies  6.076  cubic  feet,  and  a  cubic  foot  of  steam  therefore 

weighs  w-?Yfp7  o^  •  164584,  pound. 

The  properties  of  saturated  steam  have  been  determined  by 
direct  experiment  for  all  ordinary  steam  pressures,  and  are 
given  in  the  table  on  pages  22  and  23. 


EXPLANATION  OF  THE  STEAM  TABLE. 

48.  Column  1, — Column  1  gives  absolute  pressures  (see 
Art.  10,  Locomotive  BoUerSy  Part  2)  from  1  to  300  pounds. 
These  pressures  being  reckoned  from  the  point  of  vacuum  are 
consequently  14.7  pounds  greater  than  gauge  pressure;  hence, 
in  using  the  Steam  Table,  care  must  be  taken  not  to  use  a 
gauge  pressure  without  first  adding  14.7  pounds  to  it. 

When  the  gauge  registers  0  pound  pressure,  the  corresponding 
absolute  pressure  is  14.7  pounds.  Therefore,  all  pressures  in 
column  1,  below  14.7  are  less  than  0  gauge  pressure.  For 
example,  14  pounds  absolute  is  about  .7  pound  below  atmos- 
pheric pressure  and  represents  nearly  1^  inches  of  vacuum; 
6  pounds  absolute  represents  about  18  inches  of  vacuum,  while 
1  pound  absolute  represents  about  28  inches  of  vacuum.  In 
other  words,  1  pound  absolute  is  1  pound  above  vacuum,  and 
nearly   14    pounds    below    0   gauge    pressure   (see   Art.   12, 
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Locomotive  Boilers,  Part  2).  Presdures  above  14.7  pounds,  on 
the  other  hand,  are  above  atmospheric  pressure,  and  conse- 
quently are  registered  on  the  gauge.  For  example,  a  correct 
gauge,  subjected  to  20  pounds  absolute  pressure,  will  register 
5.3  pounds;  under  30  pounds  absolute,  it  will  register  15.3 
pounds,  and  so  on  for  the  other  pressures. 

Column  2, — Column  2  gives  the  temperatures  at  which 
water  will  boil — and,  therefore,  the  temperature  of  the  steam 
generated — when  subjected  to  the  corresponding  pressure  in 
column  1.  By  comparing  columns  1  and  2  it  will  be  seen  that, 
as  the  pressure  is  increased  from  1  to  300  pounds  absolute,  the 
boiling  point  increases  from  102°  F.  to  417**  F. 

Column  S. — Column  3  gives  the  '*heat  of  the  liquid" 
under  the  different  pressures.  For  instance,  180.531  heat  units 
are  necessary  to  raise  the  temperature  of  1  pound  of  water  at 
32*^  F.  to  the  boiling  point  (212''  F.)  under  an  absolute  pres- 
sure of  14.7  pounds,  and  250.355  heat  units  to  raise  it  to  the 
boiling  point  (280. 904® )  under  50  pounds  absolute  pressure. 

It  will  be  noticed  that  the  values  in  column  3  may  be 
obtained  approximately,  by  subtracting  32  from  the  corre- 
sponding temperature  in  column  2.  If  it  required  exactly  1 
heat  unit  to  raise  the  temperature  of  1  pound  of  water  1**  F»  at 
all  temperatures,  it  would,  of  course,  take  exactly  212  —  32,  or 
180  he&t  units  to  raise  1  pound  of  water  from  32°  F.  to  212°  F. 
Experiment,  however,  shows  that  above  62°  F.  an  amount 
slightly  greater  than  1  heat  unit  is  necessary,  as  will  be  seen  by 
comparing  columns  2  and  3. 

Column  4. — Column  4  gives  the  latent  heat  of  the  steam. 
By  comparing  columns  1  and  4  it  will  be  observed  that  the 
latent  heat  decreases  slightly  as  the  pressure  increases. 

Column  5. — Column  5  gives  the  total  heat  of  vaporization. 
It  will  be  seen  that  the  values  in  this  column  may  be  obtained 
by  adding  together  the  corresponding  values  in  columns  3  and  4. 

Column  6, — Column  6  gives  the  density  or  weight  of  a  cubic 
foot  of  steam,  in  pounds,  under  the  different  pressures.  As  will 
be  noticed,  the  weight  increases  with  the  pressure.  The  reason 
for  this  is  that  a  pound  of  steam  is  forced  to  occupy  less  and 
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less  space  as  the  pressure  is  increased  (see  column  7)  and  thus 
the  amount,  and  therefore  weight,  of  steam  in  each  cubic  foot 
of  space  increases  with  the  pressure. 

Column  7. — Column  7  gives  the  space,  in  cubic  feet,  occupied 
by  1  pound  of  steam  under  the  different  pressures.  This 
decreases  greatly  with  the  pressure,  decreasing  from  330.4 
cubic  feet  at  1  pound  absolute  to  1.535  cubic  feet  at  300  pounds 
absolute.  It  will  be  noticed  that  the  corresponding  values  of 
columns  6  and  7  multiplied  together  always  produce  1.  For 
example,  in  columns  6  and  7,  opposite  to  46  of  column  1,  we 
find  the  values  .110884  and  9.018,  which  two  multiplied 
together  produce  1,  very  nearly. 

Column  8, — Column  8  gives  the  ratio  of  the  volume  of  1  pound 
of  steam  at  the  given  pressure  to  the  volume  of  1  pound  of 
water  at  39.1°  F.,  at  which  temperature  water  is  at  its  greatest 
density.  The  values  in  column  8  may  be  obtained  by  dividing 
62.425— the  weight  of  «  cubic  foot  of  water  at  39.1°  F. — by  the 
corresponding  numbers  in  column  6. 

49.  In  using  the  Steam  Table  it  must  be  remembered: 
jirst,  that  the  pressures  in  column  1  are  absolute  pressures, 
and  that  consequently  14.7  pounds  must  be  added  to  gauge 
pressure  before  it  can  be  used  with  the  table;  and  second,  that 
the  heat  of  the  liquid  (column  3),  the  latent  heat  (column  4), 
and  the  total  heat  (column  5)  are  calculated  from  32°  F., 
and  not  from  0^  F. 

EXAMPLES    ON    THE    USE    OF   THE    STEAM    TABLE. 

Example  1. — Give  the  values  of  the  different  properties  of  saturated 
steam  at  145.3  pounds  gauge  pressure. 

Solution.— A  gauge  pressure  of  146.3  pounds  corresx>ond8  to  an 
absolute  pressure  of  160  x)ounds;  therefore,  from  the  Steam  Table 
we  find  that  at  160  pounds  absolute  the  temperature  of  the  steam  is 
363.346''  F.;  the  heat  of  the  liquid,  334.850  heat  units;  the  latent  heat, 
857.912  heat  units;  and  the  total  heat,  1,192.762  heat  units.    Ans. 

Example  2. — Calculate  the  heat  required  to  change  5  x)oundB  of  water 
at  32°  F.  into  steam  at  92  pounds  pressure  above  vacuum. 

SoLiniON. — From  column  5,  the  total  heat  of  1  pound  of  steam  at  92 
pounds  pressure,  absolute,  is  1,180.045  heat  units;  therefore,  the  total 
heat  of  5  pounds  will  be  1,180.045  X  5,  or  5,900.225  heat  units.    Ans. 


26         STEAM,  CYLINDERS,  AND  VALVE  GEARS.        §7 


Ex  A  MPLS  3. — How  many  heat  units  arc  required  to  raise  8^  pounds  of 
water  from  32*>  F.  to  250°  F.? 

SoLiTioN.— The  **heat  of  the  liquid"  of  1  pound  at  250.293**  F.  is 
219.261  heat  units  (see  cohimns  2  and  3).  Now,  since  1  heat  unit  will 
raise  the  temjjerature  of  1  pound  of  water  1°,  .293  heat  unit  must  have 
bein  necessary  to  raise  the  water  from  250°  F.  to 250.293°  F.  To  find  the 
}ieat  of  the  liquid  at  250°  F.,  therefore,  subtract  .293  from  the  219.261  heat 
units.  219.261  -.293  ^  218.968  heat  units  for  1  pound;  Sj  X  218.968 
--  1,861.228  heat  units  for  8j  pounds.    Ans. 

Example  4. — How  many  foot-pounds  of  work  will  it  require  to 
change  60  pounds  of  boiling  water,  at  80  i>ounds  absolute  pressure, 
into  steam  of  the  same  pressure? 

Solution. — Tx>oking  in  column  4,  the  latent  heat  of  vaporization  is 
8^)5.108;  that  is,  it  takes  895.108  heat  units  to  change  1  pound  of  water 
at  80  pounds  pressure  into  steam  of  the  same  pressure.  Therefore,  it 
takes  895.108  X  60  —  5.'}, 706.48  heat  units  to  perform  the  same  operation 
on  60  pounds  of  watc»r.  Now,  since  1  heat  unit  equals  778  foot-pounds 
of  work,  (Art.  3«),  53,706.48 X  778  =- 41,783,641.44  foot-pounds  wiU 
be  required.     Ans. 

Example  5. — Find  the  volume  occupied  by  14  pounds  of  steam  at 
30  pounds  gauge  pressure. 

Solution. —  30  pounds  gauge  pressure  is  30  4-14.7  =  44.7,  say  46, 
pounds  absolute  pressure.  The  volume  of  a  pound  of  steam  at  44 
ix>unds  pressure  is  9.403  cubic  feet;  that  of  a  pound  of  steam  at  46 
pounds  pressure  is  9.018  cubic  feet.    9.403  —  9.018  =^  .385  cubic  foot,  the 

difference  in  volume  for  a  difference  in  pressure  of  2  pounds.    —^  -  ^= 

.1925  cubic  foot,  the  difference  in  volume  for  a  difference  of  1  pound. 
By  subtracting  this  from  the  volume  of  1  pound  of  steam  at  44  pounds 
pressure,  we  have  the  volume  at  45  pounds.  Therefore,  9.403  — .1925  = 
9.2105  cubic  feet  is  the  volume  of  1  pound  of  steam  at  45  pounds  pres- 
sure. The  .1925  is  subtracted  from  9.403,  since  the  volume  is  less  for  a 
pressure  of  45  pounds  than  for  44  pounds.  14  pounds,  therefore,  will 
occupy  14  X  9.2105  ^  128.947  cubic  feet,     Ans. 

Example  6. — Find  the  weight  of  40  cubic  feet  of  steam  at  a  tempera- 
ture of  255°  F. 

Solution. —The  weight  of  1  cubic  foot  of  steam  at  254.002°  is,  from 
the  table,  .078839  pound.  Neglecting  the  .002°,  the  weight  of  40  cubic 
feet  is  therefore  40 ;%  .0788:59  -~  3.1535()  jwunds.    Ans. 

Example  7. — How  many  pounds  of  steam  at  64  pounds  pressure 
absolute  are  re<iuired  to  raiK»  the  temperature  of  300  pounds  of  water 
from  40°  F.  to  i;K)°  F.,  the  water  and  steam  being  mixed  together? 
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Solution. — The  number  of  heat  units  necessary  to  raise  1  pound  from 
40°  to  130°  F.  is  130  —  40,  or  90  heat  units.  (Actually  a  little  more 
would  be  required,  but  the  above  is  near  enough  for  all  practical  pur- 
poses. )  Now,  to  raise  the  temperature  of  300  pounds  of  water  from 
40°  to  130°,  the  steam  must  supply  90  X  300,  or  27,000  heat  units.  It 
does  this  by  being  condensed  and  then  having  its  water  of  condensation 
reduced  to  130°  F.  1  pound  of  steam  at  64  pounds  pressure  gives  up,  in 
condensing  to  1  pound  of  water,  its  latent  heat  of  vaporization,  or  905.9 
beat  units.  In  addition  to  this,  its  water  of  condensation  gives  up 
166.805  heat  units  in  being  reduced  to  130°  F.  This  is  found  as  follows: 
The  water  of  condensation  has  the  same  temperature  as  the  steam, 
296.805°  F.  For  every  degree  that  its  temperature  is  reduced,  each 
pound  gives  up  practically  1  heat  unit.  In  falling  from  296.805°  to  130°, 
each  pound  gives  up  296.805  —  130  =  166.805  heat  units.  Each  pound 
of  steam,  therefore,  gives  up  a  total  of  905.9  +  166.805  =  1,072.705  heat 

27  000 
unite;  hence,  it  will  require  -  n-o  -ync  ==  25.17  pounds  of  steam  to  raise 

the  300  pounds  of  water  from  40°  to  130°  F. 


THE   STEAM   ENGINE. 


WORK    DONB    BY    STEAM. 

60.  Strictly  speaking,  steam  does  not  perform  vmrk.  It 
simply  acts  as  an  agent  by  means  of  which  the  potential  energy 
of  the  fuel  is  converted  into  kinetic  energy  and  made  to  do 
work.  The  ability  to  do  work  that  steam  possesses  is  there- 
fore due  entirely  to  its  heat;  in  other  words,  it  is  the  heat  that 
does  the  work  and  not  the  steam.  However,  as  it  is  customary 
to  speak  of  the  **  work  done  by  the  steam,"  *Hhe  work  done  by 
the  steam  in  expanding,"  etc.,  these  expressions  will  be  used 
instead  of  the  longer  one,  **  the  work  done  by  the  heat  contained 
in  the  steam." 

The  usual  method  of  obtaining  work  from  steam  is  to  gen- 
erate steam  at  from  75  to  200  pounds  pressure  by  confining  it 
in  a  closed  boiler.  This  steam  is  then  admitted  first  to  one  end 
of  a  cylinder  fitted  with  a  piston,  and  then  to  the  other.  The 
pressure  of  the  steam  is  thus  applied  alternately  on  opposite 
sides  of  the  piston,  with  the  result  that  it  is  made  to  move  to 
and  fro  within  the  cylinder. 
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THE    8T£AM    CYUNDER. 

51.  l>eBcriptlon. — The  working  of  a  steam  cylinder  can 
best  be  explained  by  referring  to  Fig.  3,  in  which  G  is  the 
cylinder,  shown  in  section;  P,  the  piston,  which  makes  a 
steam-tight  joint  with  the  walls  of  the  cylinder;  R,  the  piston 
tod;  a  and  6,  two  eteam  pipes,  which  connect  the  ends  A  and  B 


FIO-L 

of  the  cylinder  with  the  boiler;  and  c  and  d,  two  short  pipes, 
which  connect  the  ends  A  and  B  of  the  cylinder  with  the 
atmosphere.  The  passages  in  the  pipes  a,  b,  c,  and  d  are  con- 
trolled by  the  valves  J,  2,  3,  and  4- 

52,  Generating  Power. — Now  let  US  see  under  what 
conditions  the  piston  will  move  and  develop  power.  It  is 
evident  that  the  valves  1  and  2  should  not  be  open  at  the  same 
time,  since  in  tliat  case  both  sides  of  the  piston  will  be  acted  on 
by  steam  at  boiler  pressure.  Suppose  that  valve  1  is  opened, 
and  valves  2,  3,  and  4  remain  closed;  under  these  conditions, 
steam  will  enter  the  left  end  A  of  the  cylinder  and  force  the 
piston  to  the  right  until  the  air  that  is  entrapped  in  the  end  B 
is  compressed  sufficiently  to  stop  the  piston.  The  piston,  there- 
fore, caimot  complete  its  stroke  until  the  air  under  compres- 
sion in  the  end  B  is  allowed  to  escape  by  opening  the  valve  4- 

To  make  the  piston  take  a  stroke  to  the  right,  therefore,  it  is 
necessary  to  close  valves  2  and  5,  and  open  valves  1  and  4- 
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Likewise,  to  make  it  take  a  stroke  to  the  left  it  is  necessary  to 
close  valves  1  and  ^  and  open  valves  2  and  3.  In  either  case, 
while  steam  is  being  admitted  to  the  cylinder  on  one  side  of 
the  piston,  it  must  be  exhausted  from  it  on  the  other  side.  The 
entering  steam  exerts  a  greater  pressure  on  the  piston  than  does 
the  steam  being  exhausted;  consequently,  the  piston  always 
moves  towards  that  end  of  the  cylinder  that  is  open  to  the 
atmosphere  through  the  exhaust  passage. 


STEAM    CHEST    AJTD    SUBE    VAIjVE. 

53.  Description  of  the  Steam  Cliest  and  Ports. — In 

order  that  the  piston  may  be  made  to  move  regularly  back 
and  forth  in  the  cylinder,  some  means  must  be  provided 
whereby  the  steam  can  be  admitted  to,  and  exhausted  from, 
the  cylinder  regularly  and  at  the  proper  moment.  A  simple 
device  for  accomplishing  this  is  illustrated  in  Fig.  4. 

In  (a)  is  shown  a  sectional  view  of  a  steam  cylinder  C,  steam 
chest  X,  and  slide  valve  v,  together  with  the  piston  P  and 
piston  rod  R,  S  is  the  steam-supply  pipe,  through  which 
steam  passes  from  the  boiler  to  the  steam  chest.  The  slide 
valve  V  is  in  the  steam  chest,  and  serves  the  same  purpose  as 
the  valves  1,  2,  3,  and  4  of  Fig.  3;  that  is,  it  controls  the 
passages  a,  6,  and  d.  This  valve  may  be  considered  as  a  cast- 
iron  box  with  its  cover  removed,  turned  '* upside  down"  in 
the  steam  chest  so  that  the  cavity  c  in  the  valve  is  towards 
the  valve  seat  as. 

The  ports  a  and  b  in  the  valve  seat  lead  from  the  steam  chest 
to  the  respective  ends  of  the  steam  cylinder,  and  are  called  the 
steam  ports,  while  port  d,  between  ports  a  and  6,  leads  to  the 
atmosphere  and  is  called  the  exhaust  i>ort.  These  ports 
serve  the  same  purpose  as  the  steam  i)ii)es  a  and  6,  and  the 
exhaust  pipes  c  and  d,  of  Fig.  3. 

54.  Description  of  the  Slide  Valve. — Another  view  of 
slide  valve  r,  which  is  of  the  ordinary  D  type,  is  given  in  (6). 
The  valve  is  removed  from  the  steam  chest  and  turned  over  so 
as  to  show  the  cavity  c  and  the  face  of  the  valve,     (r)  is  a  view 
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of  the  valve  seat  ss  ae  seen  from  above.  It  will  be  noticed 
that  the  ports  in  the  valve  seat  are  long  and  narrow.  Their 
length  is  made  slightly  less  than  the  width  of  the  cavity  c  in 
the  slide  valve,  to  prevent  eteam  from  leaking  underneath  the 
edges  of  the  face  of  the  valve  and  its  seat.  The  ends  1  and  S 
of  the  valve  are  of  just  the  same  width  as  the  steam  ports 


a  and  b  in  the  valve  seat,  and  the  valve  is  made  of  such  a 
length  that  ila  ends  /  and  2  just  cover  the  porta  a  and  b  when 
the  valve  is  at  mid-strok& 

55.  Operation  of  Steam  Cylinder.— If  the  valve  is 
moved  either  to  the  left  or  to  the  right  of  its  mid-position,  it 
opens  one  of  the  steam  ports,  bo  that  Bteam  can  pass  through 
it  to  that  end  of  the  steam  cylinder,  while,  at  the  same  time,  it 
connects  the  other  end  of  the  cylinder  with  the  atmosphere 
through  the  other  steam  jwrt,  the  cavity  c  of  the  slide  valve, 
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and  the  exhaust  port  d.  The  flow  of  steam  both  to  and  from 
the  cylinder  is  shown  by  the  arrows  in  the  figure. 

If,  as  the  piston  reaches  the  end  of  its  stroke  to  the  right,  the 
slide  valve  is  moved  to  the  left  until  it  connects  the  steam  port 
a  with  the  exhaust  port  (f,  and  uncovers  the  steam  port  6,  the 
steam  in  the  left  end  of  the  cylinder  will  flow  back  through 
port  a,  and  pass  to  the  atmosphere  through  cavity  c  of  the  slide 
valve  and  the  exhaust  port  d,  while  steam  will  pass  through 
the  steam  port  b  to  the  right  end  of  the  cylinder  and  force  the 
piston  to  the  left. 

We  have  already  seen  that,  when  the  slide  valve  is  moved  so 
as  to  admit  steam  to  one  end  of  the  cylinder,  it  exhausts  it 
from  the  other  end,  and  that  the  steam  entering  the  cylinder 
always  forces  the  piston  to  the  other  end  of  the  cylinder. 
Therefore,  all  that  is  necessary  to  keep  the  piston  constantly 
moving  back  and  forth,  is  to  move  the  slide  valve  back  and 
forth  in  such  a  way  that  it  will  open  and  close  the  steam  ports 
a  and  b  alternately,  and  just  as  the  piston  reaches  the  end 
of  its  stroke. 

THE    COMPLETE    ENGINE. 

56.  Deflnltlon. — The  steam  engrlne  is  a  machine  for 
transforming  the  potential  energy  of  fuel  into  mechanical  work. 
It  consists  of  (1)  a  furnace  in  which  the  potential  energy  of 
the  coal  is  converted  into  heat  energy;  (2)  a  boiler  containing 
water  that  absorbs  this  heat  energy  and  stores  it  in  steam  that 
is  generated,  so  that  it  can  be  readily  used;  and  (3)  some 
means  of  changing  the  heat  energy  of  the  steam  into  mechan- 
ical work,  as,  for  instance,  by  means  of  a  steam  cylinder  and 
piston.  However,  while  the  boiler,  furnace,  and  steam  cylinder, 
strictly  speaking,  are  each  parts  of  the  i?team  engine,  it  is 
customary  to  call  the  furnace  and  boiler  the  ** boiler,"  and 
the  steam  cylinder  with  its  accompanying  parts  and  devices, 
the  ** engine." 

57.  Elementary  Eujirine. — A  simple  form  of  engine, 
together  with  the  boiler  and  the  steam-supply  pipe  5,  is  shown 
in  Fig.  5.     The  cylinder  C,  steam  chest  X,  and  slide  valve  v 
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are  shown  in  section;  the  steam  and  exhaust  ports,  slide-valve 
cavity,  and  other  parts  being  lettered  as  in  Fig.  4.  The 
various  mechanical  details  are  purposely  omitted,  to  make 
the  illustration  as  simple  as  possible,  that  it  may  be  more 
readily  understood. 

It  is  desirable  to  convert  or  change  the  to-and-fro  motion  of 
the  piston  of  an  engine  into  rotary  motion,  as  in  turning  the 
flywheel  of  a  stationary  engine,  or  the  drivers  of  a  locomotive. 
This  is  accomplished  by  means  of  a  connecting-rod  G  and 
crank  AT,  Fig.  6.  It  is  essential,  also,  that  the  engine  be  self- 
acting  when  once  started,  and  this  is  accomplished  by  giving 
the  slide  valve  the  proper  to-and-fro  motion  by  means  of  the 
valve  rod  g  and  the  crank  k  on  the  shaft.  Motion  is  com- 
municated by  the  piston  P,  through  the  piston  rod  R  and 
connecting-rod  G,  to  the  crank  Ky  and  by  this  means  the 
shaft  Dy  and,  consequently,  the  crank  k  are  rotated.  The 
motion  of  the  crank  k  is  communicated  through  the  valve 
rod  g  and  valve  stem  r  to  the  slide  valve,  which  is  made 
to  slide  to  and  fro  on  its  seat.  We  shall,  for  convenience, 
allude  to  K  and  k  as  the  piston  crank  and  valve  crank, 
respectively. 

The  valve  crank  k  is  secured  to  the  shaft  D  at  right 
angles  to  the  position  of  the  crank  K\  consequently,  the 
slide  valve  is  at  mid-stroke*  when  the  piston  is  at  either 
end   of  its  stroke. 

To  show  the  relative  positions  of  the  slide  valve  and  piston 
for  different  points  of  both  an  outward  and  a  return  stroke  of 
the  piston,  the  following  series  of  diagrams  are  given. 


DIAGR^V3IS    OF    A    SLIDE-VALVE    ENGINE. 

58.  Explanation  of  Diagrrams. — In  the  five  diagrams 
of  a  slide-valve  engine.  Fig.  6,  0  corresponds  to  the  shaft  Z>, 
Fig.  5;  0  a,  to  the  piston  crank  K]  and  0  b,  to  the  valve  crank  k. 
The  larger  circle  of  dotted  lines   represents  the  path  of  the 


*  The  irregular  displacement  of  the  valve  and  piston,  due  to  the 
angularity  of  the  valve  rod  and  connecting-rod,  will  not  be  considered 
in  this  Section. 
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center  of  the  ** piston  crankpin'*  as  it  revolves  around  the  shaft 
0,  and  the  smaller  circle  represents  the  path  of  the  center  of  the 


Fio.  6. 


**  valve  crankpin."  ac  corresponds  to  the  connecting-rod  6, 
and  6  d  to  the  valve  rod  g.  The  sizes  of  some  of  the  parts  have 
purposely  been  exaggerated  to  make  the  diagrams  clearer. 
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Diagram  A. — The  diagram  A  represents  the  piston  at  the  end 
of  its  stroke,  and  just  about  to  move  to  the  right,  as  shown  by 
the  arrow.  Also,  the  valve  is  about  to  move  in  the  direction  of 
its  arrow,  and,  therefore,  steam  is  about  to  be  admitted  to  the 
left-hand  steam  port,  while  the  right-hand  port  is  about  to  be 
connected  with  the  exhaust.  The  piston  is  at  the  beginning  of 
its  outward  stroke,  while  the  valve  is  at  mid-stroke.  It  will  be 
noticed  that  with  the  piston  in  this  position,  the  connecting-rod 
a  c  and  piston  crank  0  a  form  a  straight  line,  while  the  valve 
crank,  which  is  at  right  angles  to  it,  is  vertical.  All  the  parts 
are  about  to  move  in  the  direction  indicated  by  their  arrows. 

Diagram  B. — Diagram  B  shows  the  position  of  the  parts 
when  the  crank  Oa  has  moved  through  the  first  quarter  of  its 
revolution,  and  is  at  ri|^ht  angles  to  its  position  in  diagram  A, 
While  the  crank  is  moving  through  this  quarter  circle,  the 
piston  moves  from  the  beginning  to  the  middle  of  its  stroke, 
and  the  slide  valve  moves  from  the  middle  to  the  end  of  its 
outward  stroke,  and  is  on  the  point  of  reversing  its  motion. 
The  left  steam  port  is  now  wide  open  for  the  admission  of 
steam,  and  the  right  steam  port  is  wide  open  for  exhaust. 

Diagram  C. — Diagram  C  shows  the  position  of  the  parts 
when  the  crank  has  moved  through  the  second  quarter  of  its 
circle.  The  piston  has  moved  from  mid- stroke  to  the  end  of 
its  outward  stroke,  and  is  on  the  point  of  reversing  the  direc- 
tion of  its  motion.  The  slide  valve  has  reversed  the  direction 
of  its  motion,  and  traveled  from  the  beginning  to  the  middle  of 
its  return  stroke;  consequently,  it  has  just  closed  both  steam 
ports  and  is  on  the  point  of  opening  the  right  steam  port  for 
the  admission  of  steam,  and  the  left  port  for  the  flow  of  exhaust 
steam  to  the  atmosphere. 

Diagram  D. — As  the  crank  travels  its  third  quarter,  to  the 
position  shown  in  diagram  Z),  the  piston  has  its  direction  of 
motion  reversed  and  travels  the  first  half  of  its  return  stroke. 
The  slide  valve,  during  the  same  time,  has  traveled  from  the 
middle  to  the  end  of  its  return  stroke.  In  this  position  both 
steam  ports  are  wide  open — the  right-hand  one  to  the  steam 
chest,  and  the  left-hand  one  to  the  exhaust. 
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Diagram  E. — ^While  the  crank  travels  the  last  quarter  of  its 
stroke,  to  the  position  shown  in  diagram  E^  which  is  the  same 
as  that  shown  in  diagram  Ay  the  piston  travels  the  last  half 
of  its  return  stroke,  and  is  on  the  point  of  reversing  and  ban- 
ning another  outward  stroke.  The  valve,  meanwhile,  has 
traveled  from  the  beginning  to  the  middle  of  another  outward 
stroke  and  again  covers  both  steam  ports.  Since  the  valve  is 
moving  outwards,  it  is  on  the  point  of  uncovering  the  left  steam 
port  for  the  admission  of  steam,  and  connecting  the  right  steam 
port  with  the  exhaust. 

50.  Comparison  of  Blafirrams. — Comparing  the  direc- 
tions of  the  arrows,  which  indicate  the  direction  of  the  motion 
of  the  different  parts  in  the  five  diagrams,  it  will  be  seen  that 
the  slide  valve  is  always  half  a  stroke  ahead  of  the  piston. 
During  the  first  half  of  the  outward  stroke  of  the  piston,  the 
valve  and  piston  move  in  the  same  direction,  but  during  the  last 
half  the  valve  moves  to  the  left,  while  the  piston  continues  to 
the  right.  The  left  steam  port,  therefore,  is  open  for  the  admis- 
sion of  steam,  and  the  right  port  to  the  exhaust,  for  the  full 
length  of  the  outward  stroke.  Likewise,  during  the  first  half  of 
the  return  stroke,  the  valve  and  the  piston  travel  in  the  same 
direction,  whereas,  during  the  second  half,  they  travel  in  opposite 
directions.  During  the  full  length  of  the  return  stroke,  steam 
is  admitted  to  the  right  of  the  piston,  while  the  space  to  the  left 
is  open  to  the  exhaust. 

Another  thing  to  notice  is  that  when  the  crank  0  a  and  the 
connecting-rod  a  c  are  in  the  same  straight  line,  as  in  diagrams 
Ay  C,  and  E,  the  piston  is  at  the  end  of  its  stroka  When  in 
this  position,  the  engine  is  said  to  be  on  the  dead  center. 

In  pmctice,  it  is  not  customary  to  admit  steam  to  the  cylinder 
for  the  full  length  of  the  stroke.  Steam  is  admitted  during 
a  part  of  the  stroke  only;  the  supply  is  then  cut  off  and  the 
steam  in  the  cylinder  allowed  to  expand  during  the  remainder 
of  the  stroke.  This  subject,  however,  will  be  more  fully 
discussed  later. 
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LOCOMOTIVES. 


THB   PBETAIUNG   TYPES. 

60.     Locomotives  may  lie  divided  into  two  inaiti  groups, 

the  first  one  comprieing  those  used  in  pae&enger  and  freiglit 


servi 
servi 
mini 


Ice  on  our  railroads,  and  the  second,  those  used  in  special 
ice,  such  as  in  switching,  mountain  operations,  and  in 
ing,  logging,  plantation,  and  other  industries. 


Locomotives  of  the  first  group  include  various  types,  as 
follows: 

1.  Kii/ht- Wheeled,  or  Ameriain. — This  engine,  shdH'n  in 
Fig.  7,  has  four  drivers  and  a  four-wheeled  truck. 
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2,     Mogul — This    engine,    Fig.  8,    has  six    drivers   and  a 
two-wheeled  truck,  known  as  a  p(my,  or  Eissel,  truck. 


3.  Ten -Wheeled.— This  type,  illuBtrated  in  Fig.  9,  has  eix 
drivers  and  a  four-wheeled  truck. 

4.  Consolidation. — This  type.  Fig.  10,  has  eight  drivers  and 
a  two-wheeled  truck. 


5.  Tu'fJre- Wheeled. — This  engine,  Fig.  11,  haa  eight  drivers 
and  a  four-wheeled  Iruek. 

6.  Deciiyod. — This  ty|>e  of  engine.  Fig.  12,  has  ten  drivers 
and  a  two-wheeled  truck. 
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Fig.  11. 


TakU  Whrnh-Ikm- 

FIG.  12. 


-Tbial  WhetlrBam- 

Tio.  13. 
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7.     Columbia. — An  enpne  of  tbiBtype  is  shown  in  Fig.  14. 
It    has    four   drivers,    a    two-wheeled    truck    at   the  leading 


end,  and  a  pair  of  canying  wheels  under  the  firebox.  Tbia 
may  be  classed  as  a  special  type  and  is  only  occasionally 
met  with. 

8.  Atlantic. — This  engine,  illustrated  in  Fig.  13,  is  a  special 
type,  that  is  fast  coming  into  use  for  high-speed  service.  It 
has  four  drivers,  a  four-wheeled  truck,  and  a  pair  of  carrying 
wheels  under  the  firebox. 


9.     Wide-Firebox  Locomotive.— This  ib  a  type  distinguished, 
not,  as  in  the  preceding  cases,  by  the  number  and  arrangement 
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of  its  wheels,  but  by  ita  having  a  very  wide  firebox,  which, 
spreading  out  over  the  frames,  necessitates  the  cab  being 
moved  forwards  in  front  of  the  firebox.  It  is  ilUistrated  in 
Fig.  15.  This  design  may  be  met  with  in  engines  having 
either  four,  six,  or  more  drivers. 


PREIilMIKARY  DETAIIiS. 


NTJMBBB   OF   BBTTEBS. 

61.  By  increasing  the  number  of  driving  wheels,  larger 
and  heavier  engines  can  be  used  and  a  greater  per  cent,  of  the 
weight  of  the  engine  can  be  carried  on  the  drivers,  thereby 
greatly  increasing  the  traction  of  the  driving  wheels  on  the 
rails  without,  at  the  same  time,  imposing  excessive  pressure  on 
the  driving  axles  or  on  the  rails  at  one  place. 

One  disadvantage  of  increasing  the  number  of  drivers  is  that 
it  increases  the  rigid  wheel  base^  but  the  effect  of  this  is  partially 
overcome  by  making  the  tires  on  certain  drivers  wider  and 
without  flanges.  The  advantages  of  using  more  than  four 
drivers  are  so  much  greater  than  the  disadvantages  that  the 
practice  of  coupling  three  or  more  pairs  of  drivers  together 
is  increasing.  

WHEEL.    BASE. 

62.  The  rlgrld  -wheel  base  of  a  locomotive  is,  in  the 
majority  of  cases,  the  distance  between  the  centers  of  the  first 
and  last  driving  axles,  Figs.  7-12.  In  Figs.  13  and  14  the 
rigid  wheel  base  includes  the  rear,  or  trailing,  pair  of  wheels; 
these  wheels  as  a  rule,  however,  are  given  more  play  than 
the  drivers. 

The  tota.1  wlieel  base  is  the  horizontal  distance  between 
the  centers  of  the  axles  of  the  first  truck  wheel  and  the  last 
driving  wheel — or,  in  Figs.  13  and  14,  the  pair  of  trailing 
wheels. 

In  speaking  of  drivers,  the  pair  towards  the  front  end  are 
called  the  first  pair;  immediately  back  of  these  are  the  second 
pair;  etc 


§7         STEAM,  CYLINDERS,  AND  VALVE  GEARS.         41 


GAUGB    OF    TRACK. 


^     63.     The  standard  broad  gauge  of  the  United  States  is 
4  feet  8J  inches;  narrow  gauges  vary  from  21  inches  to  3  feet. 


•Btamdttrd~€hBuge  of  Tracts  4^f'^  -     *i 


Fig.  16. 


The  graiig^e  of  a  track  is  the  distance  between  the  two  rails, 
measured  on  the  inside,  as  shown  in  Fig.  16. 


detaiIjS  of  construction. 


FRAMTCS. 

64.  General  Description. — Side  views  of  four  styles  of 
fi*anies  in  common  use  are  shown  in  Fig.  17.  Frames  (a), 
(6),  and  (c)  are  each  made  in  two  parts,  the  cylinders  being 
fastened  to  the  front  part  or  rail  of  the  frame,  called  the  splwe. 
The  back  part,  called  the  main  frame,  contains  the  pedestals  or 
jaws  for  the  driving  boxes. 

(a)  represents  the  frame  of  an  eight-wheeled  passenger 
engine,  (6)  that  of  a  ten-wheeled  engine,  or  with  cylinder  connec- 
tion like  that  of  (c),  a  mogul,  (c)  that  of  a  consolidation  engine, 
(d)  is  for  the  same  class  of  engine  as  (c),  it  differing  from  the 
latter  in  the  mode  of  construction,  the  lower  frame  braces 
being  bolted  to  the  frame  legs  instead  of  being  solid  therewith. 

The  jaws,  or  pedestals,  hold  the  journal-boxes  in  place,  and 
consist  of  two  frame  legs  each.  These  are  welded  to  the  top 
rail  and  lower  frame  braces  of  the  main  frame,  thus  binding 
them  together. 

Different  styles  of  pedestals  are  shown  in  Figs.  18, 19,  and  20. 
A  is  the  top  rail  of  main  frame;  7?,  7?  are  the  frame  legs  that 
form  the  jaws;   and  C,  in  the  case  of  Fig.  18,  is  a  lyedesial  cap, 
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or  binder,  which  is  bolted  to  the  lower  frame  brace  D,  The 
pedestal  cap  binds  the  frame  legs  together,  and  prevents  them 
from  spreading,  while  at  the  same  time  it  permits  the  wheels 
and  boxes  to  be  readily 

dropped  out  or  put  in    j  "a  \ 

when  necessary. 

In  Figs.  19  and  20  the 
frame  legs  are  bound 
together  at  the  bottom 
by  the  jaw  bolt  E^ 
which  passes  through  the 
framt  thimble  C  inserted 
between  the  legs  of  the 
jaw.  The  jaw  bolts  are  generally  2  to  2^  inches  In  diameter. 
The  frame  thimble  is  made  of  cast  iron,  and  is  provided  at  one 
end  with  slots  F,  F  through  which  the  wedge  bolts  G  pass. 

The  thimble  arrangement  is  generally  used  for  larger  sized 
engines,  since  in  engines  having  cylinders  less  than  16  inches  in 
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diameter  the  jaw  bolts  interfere  with  the  wedge  bolts.  Pedestal 
cape,  therefore,  are  preferable  for  small  engines.  Two  difTerent 
forms  of  jaw  are  used.     That  shown  in  Figs.  19  and  20  has 
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one  straight  and  one  tapered  leg.  The  straight  leg  ia  usually 
placed  nearest  the  cylinders,  as  it  Is  then  easier  to  maintain 
the  same  distance  between  the  center  of  the  cylinder  and  of 
Uie  driving  axles. 

In  Fig.  18  both  legs  of  the  jaw  are  tapered.  This  fonn  has 
been  extensively  used,  but  of  late  years  that  shown  in  Figs.  19 
and  20  has  had  the  preference.  In  both  forms,  the  taper  of  the 
legs  is  usually  IJ  inches  in  12  inches. 

65.  Wedges  and  Shoes. — The  ^ve<Igo  IC,  and  ^hoe  ir, 
serve  two  purposes:  jirxl,  they  protect  the  legs  from  wear;  and, 
second,  they  provide  a  means  of  taking  up  any  i>lay  between 
the  journal-box  and  wedges  that  may  rcBult  from  wear. 


irn] 


When  the  engine  is  in  motion,  the  journal-boxes  play  up 
and  down  in  their  pedestal  jaws,  and  gradually  wear  away 
the  wedge  and  shoe.  If  this  wear  is  not  taken  up,  it  soon 
results  in  a  bad  pound,  which  occurs  every  time  the  engine 
passes  a  dead  center. 

Q^.  Taking  Up  the  Play. — The  play  is  taken  up  by 
moving  the  wedge  U',  upwards  by  means  of  the  wedge  bolts  Q, 
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since  raising  the  wedge  brings  its  face  and  that  of  the  shoe 
nearer  together.  The  bolts  //,  //  hold  the  wedge  and  shoe  in 
position  against  the  legs  of  the  jaw;  and,  since  the  wedge  W^ 
must  be  raised,  a  slot  is  cut  in  the  tapered  leg  of  the  jaw,  which 
permits  the  bolt,  when  loosened,  to  be  moved  up  or  down  with 
the  wedge  while  the  latter  is  being  adjusted.  To  raise  the 
wedge,  therefore,  the  bolt  H  must  be  slacked  out  to  permit  it  to 
move  up  with  the  wedge,  and  the  lower  nut  on  the  wedge 
bolt  G  must  be  unscrewed  sufficiently,  after  which  the  wedge 
may  be  raised  by  turning  the  upper  nut  of  the  wedge  bolt  in 
a  direction  that  will  raise  it.  When  the  wedge  is  properly 
adjusted,  the  lower  wedge-bolt  nut  and  the  bolt  H  should  be 
tightened.     Very  few  new  engines  have  bolts  IL 

The  head  of  the  wedge  bolt  G  fits  into  the  slot  at  the  bottom 
of  the  wedge  ]i\.  The  wedge,  therefore,  may  be  lowered  by 
loosening  the  bolt  //  and  unscrewing  the  upper,  and  screwing 
up  the  lower,  wedge-bolt  nut. 

67.  Lilve  and  Dead  Wedges. — The  wedge  IF,  is  some- 
times called  the  live  wedge,  and  the  shoe  W^  the  dead  wedge, 
the  former  having  the  same  taper  as  the  pedestal  leg,  so  that 
the  faces  of  the  shoe  and  wedge  are  parallel  to  each  other  and 
at  right  angles  or  **  square  ''  with  the  edge  of  the  top  rail  A. 

In  some  cases,  the  jaws  are  fitted  with  one  live  and  one  dead 
wedge,  as  in  Fig.  19;  in  others,  with  one  live  and  two  dead 
wedges,  as  in  Fig.  20 — the  latter  construction  being  used  for 
high-speed  passenger  engines — while  with  pedestals  like  that 
of  Fig.  18,  two  live  wedges  are  used. 


ATTACniXG    BOILER    TO    FRAMES. 

68.  The  front  ends  of  the  frame  splices  are  held  together  by 
means  of  the  bumper  beam,  which  is  a  wooden  beam  usually 
strengthened  by  an  iron  girt,  and  is  bolted  to  the  splices. 
The  latter  are  also  rigidly  fastened  to  the  cylinders  of  the 
engine,  the  splices  usually  being  supplied  with  lugs  to  which 
the  cylinders  are  secured  by  means  of  wedges  and  bolts. 
Those  portions  of  the  splices  that  extend  beyond  the  cylinders, 
and  are  secured  to  the   bumper  timber,  are  fastened  to  the 
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smokebox  by  means  of  two  diagonal  iron  braces  called  arch 
braces,  and  are  also  sometimes  stayed  together  by  a  transverse 
brace  of  iron  or  steel.  Connection  is  made  between  the  barrel 
of  the  boiler  and  the  frames  by  means  of  braces,  and  between 
the  firebox  and  frame  by  erpansion  clamps.  When  heated,  the 
boiler  expands  and  lengthens  from  J  to  j\  inch  more  than 
the  frame.  The  expansion  clamps,  therefore,  must  be  so  con- 
structed that  while  they  secure  the  firebox  to  the  frame  they 
will  allow  it  to  move  relatively  to  the  latter  as  the  boiler 
expands,  thus  avoiding  the  strains  to. which  both  the  firebox 
and  frame  would  otherwise  be  subjected.  The  back  ends  of 
the  frames  are  held  together  by  means  of  the  deck  casting  or 
foot-plate.  The  boiler  is  also  connected  to  the  guide  yoke, 
which  is  bolted  to  the  frames.  The  upper  part  of  the  frame  is 
held  together  by  one  or  more  transverse  braces.  That  part  of 
the  frame  under  the  foot-plate  is  usually  fastened  to  the  back 
boilerhead  by  means  of  diagonal  braces  called  expansion  bracee. 


SPRING    ARRANGEMENT. 

69.  General  Description. — As  already  stated,  the  frame 
forms  a  carriage  for,  and  therefore  carries  the  weight  of,  the 
other  parts  of  the  locomotive.  Fig.  21  shows  how  this  weight 
is  transferred  to  the  journals  of  the  driving  axles  on  an  eight- 
wheeled  engine.  In  the  figure,  the  axles  are  supposed  to  be 
cut  off  just  back  of  the  nearest  drivers,  which  are  removed  to 
give  a  better  view  of  the  arrangement  of  the  parts.  The 
arrangement  of  the  gear  on  the  other  side  of  the  engine  is,  of 
course,  similar  to  that  shown  in  the  figure. 

The  weight  of  the  frame  and  its  load  rests  on  the  journals  of 
the  axles,  which  are  just  inside  the  driving  wheels.  These 
journals  turn  in  journal  brasses,  or  bearings,  which  are  held 
in  position  by  the  jaws  and  wedges,  as  shown  in  the  figure. 
In  the  figure,  also,  A  represents  the  off-side  drivers;  C  and 
C,  the  expansion  clamps  that  connect  the  firebox  and  frame 
together,  the  bolt  holes  for  a,  a  being  elongated;  Cr,  the  sj)ring 
saddles,  which  rest  on  the  top  of  the  driving  boxes;  H,  the 
spring  hangers,  the  hanger  to  the  left  being  attached  to  the 
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frame  at  b  by  means  of  a  pin.  The  hanger  to  the  right  passes 
through  the  upper  frame  brace  and  a  helical  spring  «.  The 
short  hangers  connect  the  ends  of  the  equalizing  lever  R  to  the 
driving  springs  as  shown.  The  fulcrum  r  of  the  equalizing  lever 
is  securely  bolted  to  the  frame.  /S,  S  are  spring  bands,  which 
hold  the  leaves  of  the  driving  springs  in  place.  An  inspection 
of  the  figure  will  show  that  the  weight  sustained  by  the  frame 
is  transferred  to  the  springs,  and  thence  through  the  spring 
saddle  and  journal-box  to  the  journals  of  the  driving  axles. 
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Fig.  21. 

The  duty  of  the  springes  is  to  absorb  or  take  up  the  shock 
occasioned  every  time  the  drivers  pass  over  a  bad  rail  joint,  or 
a  high  or  low  spot  in  the  track.  By  ** giving''  somewhat,  the 
springs  transform  what  otherwise  would  be  a  sudden  blow  into 
a  gradually  increasing  pressure  that  is  not  nearly  so  destruc- 
tive to  either  track  or  locomotive. 

70.  Duty  of  Eqaalizingr  Liever. — The  duty  of  the 
equalizing  lever  R  is  to  distribute  and  maintain  the  weight 
equally  on  all  the  driving  wheels.  If  no  such  device  were  used, 
and  if  the  frames  were  supported  directly  on  the  driving  boxes, 
every  time  a  driver  went  over  a  high  spot  it  would  tend  to  lift 
and  carry  the  load  of  the  other  drivers  on  that  side;  also,  every 
time  it  dropped  into  a  low  spot  it  would  tend  to  throw  its  share 
of  the  load  on  the  other  drivers.  This  not  only  would  make 
the  engine  ride  hard,  roll,  and  pitch  more  than  usual,  but  it 
would  subject  the  whole  engine  to  such  stresses  as  to  necessitate 
more  frequent  repairs  and  renewals. 
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71.  Mode  of  Operation  of  Equaliziiigr  Gear. — ^The 
manner  in  which  the  equalizing  gear  maintains  the  load  on  the 
drivers  equal  is  as  follows:  When  the  driver  A  rolls  on  to  a 
high  spot  in  the  track,  its  axle  and,  therefore,  the  saddle  G  are 
raised.  This  tends  to  move  the  spring  upwards,  but  as  the 
end  c  cannot  move  up — being  attached  to  the  frame  at  b  by 
the  hanger  H — only  the  end  &  moves  upwards.  This  movement 
causes  the  equalizing  bar  to  rotate  on  the  fulcrum  r,  the  end  & 
moving  upwards,  while  the  other  end,  which  is  attached  to  the 
second  driving  spring  at  d,  is  moved  downwards,  carrying  that 
end  of  the  second  spring  with  it.  Thus,  since  the  end  d'  of  the 
spring  is  prevented  from  moving  upwards,  a  downward  pressure 
is  transferred  through  the  saddle  O  to  the  axle  of  the  second 
driver,  and  both  springs  are  made  to  bear  the  shock  instead  of 
all  being  borne  by  one. 


DRIVING    WHEELS. 


72.  Axles. — The  driving  axles  are  made  of  hammered 
iron  or  steel.  In  Fig.  22  aie  shown  four  different  styles 
used  in  locomotive  practice.     The  part  A  is  called  the  wlied  fity 
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and  is  usually  turned  ^  inch  less  in  diameter  than  the  journal 
B  of  the  axle;  this  gives  sufficient  shoulder  for  all  practical 
purposes.  If  the  difference  between  the  diameter  of  the 
journal  and  wheel  fit  is  greater  than  \  inch,  the  axle  will  be 
greatly  weakened,  and  will  be  liable  to  break  off  at  the  hub  of 
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the  wheel;  sharp  corners  at  h,  h  will  lead  to  breakage,  and 
should  therefore  be  avoided.  The  axle  may  be  strengthened  by 
filleting  the  shoulder.  The  junction  on  tlie  axle  shown  in  (^d) 
is  the  best  of  the  four.  Here  the  diameters  of  the  journal  and 
wheel  fit  are  equal,  a  collar  e  being  formed  on  the  axle  when  it 
is  turned  up  in  the  lathe.  The  collar  is  from  J  inch  to  -^j  inch 
wide,  and  ■§•  inch  larger  in  diameter  than  the  journal.  It  will  be 
noticed  that  it  is  filleted  on  both  sides,  so  as  to  avoid  sharp 
corners.  When  the  collar  is  used,  the  hub  of  the  wheel  is 
counterbored  to  receive  it.  The  central  part  C  of  all  the  axles 
is  smooth-forged,  and  is  not  intended  to  be  turned  up. 

Axle  (a)  is  commonly  used  as  a  main  driving  axle. 

Axle  (6)  is  generally  used  for  coupled  driving  axles,  and,  as 
shown,  the  central  part  0  is  gradually  reduced  in  diameter  to 
the  middle. 

Axle  (c)  is  also  a  driving  axle  with  cast-iron  collars  Z),  D 
that  are  either  shrunk  on  or  are  held  in  position  by  two 
setscrews. 

73.  Wheel  Centers. — Examples  of  driving  wheels  are 
shown  in  Figs.  23-26.  They  consist  of  the  wheel  center  A  on 
which  is  shrunk  a  tire  B,  Fig.  23.  In  this  country  the  driving- 
wheel  centers  have  hitherto  been  almost  universally  made  of 
cast  iron,  but  now  steel  castings  are  becoming  more  general. 
Sometimes  the  spokes  S  are  cast  solid,  but  usually  they  and 
the  rim  D  are  cast  hollow,  in  the  case  of  cast-iron  centers. 
The  hub  i/,  the  crank  E,  and  the  counterbalance  C  complete 
the  driver. 

The  counterbalance  is  either  cast  in  segments  and  bolted 
between  the  spokes,  as  in  Fig.  24,  or  it  is  cast  together  with  the 
wheel,  either  hollow  as  in  Fig.  23,  or  solid  as  in  Figs.  25 
and  26.  When  cast  hollow,  lead  is  afterwards  run  in  through 
the  core  holes. 

The  tires  are  shrunk  on  their  centers.  The  wheel  centers  are 
turned  as  shown  in  section  b  c,  Fig.  24,  and  the  tire  is  bored 
somewhat  smaller  in  diameter  than  that  of  the  wheel  center. 
The  tire  is  then  heated  by  means  of  a  number  of  gas  flames 
arranged  in  a  circle,  until  it  is  sufficiently  expanded  to  slip  over 
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the  wheel  center.    After  having  put  the  tire  in  place  it  is  cooled, 
thus  contracting  it  and  causing  it  to  bind  on  the  center. 

Eight-WheeUd  Engines. — The  wheel  shown  in  Fig.  23  is  the 
one  most  commonly  used  for  eight-wheeled  passenger  loco- 
motives. In  this  wheel  the  rim,  spokes,  and  counterbalance 
are  cast  hollow.  The  drawing  on  the  left  of  the  figure 
represents  the  halves  of  two  different  wheels,  the  left-hand 
halt  representing  in  part  elevation  and  part  section  the  half  of 
a  main  driver,  while  the  right-hand  half  is  a  similar  repreeentar 
tion  of  half  of  a  rear  driver,  the  difference  between  the  two 


0 
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being  in  the  dimensions  of  the  counterbalance.  Immediately 
to  the  right  of  this  drawing  is  a  section  of  the  main  driver, 
taken  on  the  line  ab,  wliiJe  to  the  right  of  that  is  a  section  of 
the  hack  driver,  taken  on  tlie  line  c  d.  The  spokes  are  of  an 
oval  shape  and  are  cast  hollow,  as  shown  by  the  sectional 
views,  taken  on  the  lines  b  c  and  g  h.  These  forms  are  the  moet 
economical  for  rsKisting  the  stres.'ieH  and  saving  material. 

In  Fig.  24  is  illustrated  the  wheel  center  of  a  main  driver  for  a 
high-speed  passenger  engine.  In  tliis  wheel  the  spokes  are  cast 
solid,  but  the  rim  is  hollow,  except  the  upper  portion  aba.  The 
cored  [lart  o  of  the  rim  does  not  extend  to  the  outride  (see 
section  gh),  and  the  only  openings  in  it  are  the  core  holes  a. 
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The  hub  H  of  the  wheel  center  is  also  cored,  leaving  openinge  p 
on  the  inner  surface.     Solid  blocks  of  iron,  which  form  the 


counterweights,  are  placed  between  the  spokes  at  u,  and  bolted 
or  riveted  in  place. 

Fig.  25  shows  another  style  of  main  driver  for  a  standard 


eight-wheeled  engine.     This  wheel  is  cast  entirely  solid,  but  the 
rim  ia  split  at  a,  b,  and  c,  to  avoid  the  stresses  due  to  shrinkage 
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when  the  caeling  cools.  Nearly  all  wheel  rima  are  thus  alit 
Caat-iron  liners  are  inserted  in  these  slits,  and  the  tire  is  then 
Bhrunk  on  the  center,  as  before  deacribed. 


Qmwlid(Uifm  Engirie. — In  Fig,  26  is  shown  the  wheel  center  of 
the  main  driver  for  a  consolidation  engine.     The  spokes  and 


counterbalance  are  cast  solid,  while  the  rim  is  cored  out,  leaving 
openings  a  on  the  outer  surface  of  the  wheel  center  for  the  core 


§7        STEAM,  CYLINDERS,  AND  VALVE  GEARS.  53 


holes.  These  wheels  are  generally  small  in  diameter,  and  if  the 
counterbalance  is  not  sufficiently  heavy  to  meet  the  require- 
ments, it  is  cost  hollow,  leaving  closed  chambers  between  the 
spokes,  which  are  then  filled  with  lead  to  increase  the  weight  of 
the  counterbalance. 

74,  Tires. — The  drivers,  as  generally  constructed,  have 
aangeH  tires,  and  vary  from  4|  to  Q^  inches  in  width,  accord- 
ing to  specifications.  In  the  larger  engines,  having  long  wheel 
bases  and  using  six  or  more  drivers,  one  or  more  pairs  of 
drivers  have  plain  tires,  or  blind  tires,  aa  they  are  sometimes 
called.  The  plain  tires  are  always  wider  than  the  flanged 
ones;  they  must  be  made  to  suit  the  curves  over  which  the 
engine  has  to  run,  and  must  be  wide  enough  not  to  leave  the 
track.  They  vary,  for  the  different  classes,  from  5J  to  7  inches 
in  width. 

In  Fig,  27,  sectional  views  are  given  of  both  forms  of  tires; 
a  =  the  width,  b  =  the  de]>th,  c  =  the  height  of  the  flange, 
and  d  =  the  clearance  for  the  rail,  which  is  a  fillet  having  & 
radius  of  iV  or  §  inch. 

75.  Driving  Box.— Fig.  28  shows  a  driving  box.  The 
diiving  boxes  and  truck  boxes  transfer  the  entire  weight  of  the 
engine  (less  the  weight  of  the 

wheels  and  axles,  aide  rods, 

and  back  end  of  main  rod)  to 

the  journals.    A  is  the  driving 

box,   and    B    the   oil    cellar, 

which  is  filled  with  oil-soaked 

waste  that  keeps  the  bearings 

well  lubricated.    The  cellar  is 

kept  in  position  by  the  pins 

d,d.    The  flanges /,/ serve  tod 

retain    the    driving    box    in 

place,    the    jaws  and   wedges 

fitting    between    the    flanges.  fio.  28. 

The  rectangular- shajied  holes  e,  e  receive  the  legs  of  the  spring 

saddle.     C  is  the  driving-box  brass,  or  journal  bearing. 
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SETTING    UP   THE   WEDGES. 

76.  Wlien  steam  Is  Up. — In  setting:  up  -wedges  the 

idea  is  to  take  up  all  of  the  lost  motion  between  the  driving 
box  and  the  wedges,  leaving  just  sufficient  freyedom  to  allow  the 
driving  box  to  move  up  and  down  freely  in  the  jaws,  and  to 
allow  for  expansion  should  the  box  become  heated.  \Vedges 
can  best  be  set  up  when  the  engine  has  steam  up,  although  they 
can  also  be  set  up  when  the  engine  is  cold. 

Place  the  engine  on  a  piece  of  straight,  level  track.  To  set 
the  wedges  on  the  right  side  of  the  engine,  place  the  crankpin 
of  that  side  on  the  top  quarter,  block  the  left-hand  drivers  so 
that  the  engine  cannot  move  forwards,  and  admit  a  little  steam 
into  the  back  end  of  the  cylinders.  This  tends  to  pull  the 
driving  boxes  forwards  against  the  shoes,  leaving  all  of  the  play 
next  to  the  wedge,  where  it  can  readily  be  taken  up  by  raising 
the  wedge  TF,  (Figs.  19  and  20).  If  necessary,  a  pinch  bar  may 
be  used  to  assist  this  action  of  the  steam.  The  wedge  should 
be  set  up  solid  and  then  drawn  down  sufficiently  to  give  the 
required  amount  of  freedom;  the  locknuts  on  the  wedge  bolts, 
and  the  bolts  that  secure  the  wedges  to  the  pedestal  jaws,  should 
then  be  screwed  up  tight. 

To  set  up  the  wedges  on  the  left-hand  side,  place  the  crank- 
pin  of  that  side  on  the  top  quarter;  then  proceed  as  with  the 
right-hand  wedges. 

77.  When  Engrlne  Is  Cold. — If  the  wedges  must  be  set 
up  without  the  aid  of  steam  in  the  cylinders,  proceed  as  fol- 
lows: Place  the  engine  on  a  straight,  level  track,  as  before, 
with  the  crankpin  on  the  top  quarter;  block  the  drivers  on  the 
opposite  side,  and  use  a  bar  behind  the  drivers,  on  the  side  on 
which  you  are  working,  to  pinch  the  driving  boxes  forwards 
against  the  shoes.  The  wedges  are  then  set  up  as  in  the 
other  method. 

ENOrXE    TRUCKS. 

78.  Two  styles  of  locomotive  trucks  are  used — the  four- 
wheeled  and  the  two- wheeled  truck.  The  truck  wheels  used 
are  from  28  to  36  inches  in  diameter,  depending  on  the  size 
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of  the  cylinders  and  the  amount  of  clearance  for  the  wheels. 
High-speed  engines  with  large  driving  wheels  give  more  clear- 
ance under  the  cylinders  than  engines  with  smaller  driving 
wheels,  consequently,  larger  truck  wheels  can  be  used. 


79.     Four-wheeled  Truck. — A  foil r-'w heeled  truck, 

or,  an  independent  truck,  is  shown  in  Fig.  29.  The  frame 
F  is  riveted  or  bolted  to  the  transverse  bars  T,  which  support 
the  center  casting  E.     Tlic  center  casting  contains  three  or  four 


B   r 


Fxe.  '/9. 

liners,  on  which  the  center  plate  R  rests.  The  center  casting 
and  the  centei-  plate  are  connected  by  the  center  pin  P.  To  the 
frames  are  bolted  the  cast-iron  or  wrought-iron  jaws  a,  a  that 
form  a  jaw  for  the  truck  box  B,  which  is  made  of  iron,  and  is 
quite  similar  to  a  driving  box,  except  that  no  wedge  and  shoe 
arc  used  in  connection  with  it.  The  lower  parts  of  the  jaws  are 
held  together  by  longitudinal  braces  6,  one  on  each  side  of  the 
truck.  The  frame  rests  on  the  spring  bands  D,  and  so  is 
carried  by  the  springs  S  (one  on  each  side).  The  truck  boxes 
are  provided  with  recesses  in  the  top  part  for  retaining  the 
equalizing  lever  C  in  place.  The  springs  are  connected  to 
equalizers  by  the  hangers  d,  which  swing  on  pins  c. 

The  half-elliptic  spring  shown  has  of  late  been  replaced  to 
a  certain  extent  by  helical  springs  when  the  trucks  are  the  two- 
wheeled  type.  The  length  of  the  truck  wheel  base  (the  dis- 
tance between  the  center  lines  of  the  axles)  must,  however,  be 
great  enough  to  allow  the  wheels  to  clear  the  cylinder  heads 
when  the  engine  is  passing  around  a  curve. 


§7        STEAM,  CYLINDERS,  AND  VALVE  GEARS.         67 


The  truck  wheel  guards  are  generally  fastened  on  the  splice 
of  the  engine  frame  or  to  the  truck  frame.  When  the  latter 
method  is  used,  care  must  be  taken  that  they  clear  the  frame 
when  the  truck  swings. 

Four-wheeled  trucks  are  used  under  eight-,  ten-,  and  twelve- 
wheeled  engines. 

80.  Two-Wlieeled  Truck. — Fig.  30  shows  a  two-wheeled 
truck  in  plan,  sectional  elevation,  and  cross-section.  This  is 
commonly  called  the  pony,  or  Bissell,  truck,  and  is  used 
under  mogul  and  consolidation  engines. 

The  frame  i^QQ'i^'  is  of  rectangular  shape,  and  to  it  the  jaw 
is  attached.  A  V-shaped  frame  5,  the  radius  har^  is  bolted  to 
the  rectangular  frame  by  the  bolts  L  The  radius  bar  extends 
back  under  the  engine,  and  is  connected  to  the  main  frame  by  a 
crosspiece  or  bar  (not  shown),  and  pin  L,  This  allows  the 
truck  to  swing  laterally  about  the  pin,  thus  adjusting  itself 
to  the  curves  of  the  track.  The  bedplate  of  the  cylinders 
rests  upon  the  casting  i?,  which  is  connected  to  the  equalizing 
lever  MN  by  the  pin  K.  This  lever  supports  the  weight  of  the 
front  end  of  the  engine  in  the  following  manner:  The  back  end 
N  is  connected  to  the  hanger  g  as  shown.  The  upper  end  of 
the  hanger  is  attached  to  the  transverse  equalizing  lever  dd 
by  the  pin  A,  this  lever  being  in  turn  connected  by  the  hangers 
fc,  6,  to  the  front  ends  of  the  forward  driving  springs  /,  /.  The 
other  end  M  of  the  equalizing  lever  pjisscs  through  the  slot  u  of 
the  bolt  P,  which  is  sustained  by  the  hollow  kingbolt  C  The 
kingl)olt  is  placed  inside  the  casting  D,  which  is  bolted  to 
the  engine  frame,  and  rests  on  the  casting  B  (the  bolster) 
which  is  carried  by  the  links  G,  G,  suspended  from  the  truck 
frame  FQQ  F'  in  the  manner  shown,  the  connection  being 
made  by  means  of  the  pins  m,  n.  A  bolster  that  is  suspended 
in  this  manner  is  called  a  *' swing  bolster.'*  The  truck  itself  is 
carried  on  helical  springs  /,  /;  yokes  if,  H  shaped  something 
like  an  inverted  U  rest  on  top  of  the  boxes,  and  their  lower 
ends  carry  castings  in  -which  sit  the  springs  7,  /.  r  is  the 
pedesUil  brace.  The  remaining  details  should  be  evident  from 
the  figure. 
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This  form  of  pony  truck  relieves  the  engine  of  a  large  por- 
tion of  the  jare  and  shocks  due  to  irregularities  in  the  track. 
For,  suppose  that  there  wae  a  slight  depression  in  the  track: 
the  truck  on  reaching  it  would  go  suddenly  downwards,  and 
the  sudden  stoppage  would  produce  a  shock.  With  the  truck 
described,  the  pin  K  acts  as  a  fulcrum,  the  end  M  of  the  e<]ual- 
izing  lever  going  down,  and  the  end  N  going  up;  then,  as  the 
front  end  of  the  engine  comes  down,  the  springs  /  are  bent, 
causing  the  front  end  to  descend  very  gradually,  the  springs 
absorbing  the  shock. 

The  links  G,  Q  permit  the  engine  to  pass  more  easily  around 
a  curve.     Thus,  suppose  that  the  engine  meet«  a  curve:  the 


engine  l«nds  to  keep  straight  ahead,  while  the  flanges  of  the 
wheels  A,  A  compel  the  truck  to  follow  the  curve.  The  con- 
sequence is  that  the  entire  truck,  together  with  the  bolster,  ia 
swung  laterally  to  the  right  or  left,  according  to  the  character 
of  the  cur\'e,  the  links  G,  G  swinging  to  the  position  on  or  pjt, 
and  the  radius  bar  turning  about  its  pin  L. 

Another  form  of  pony  truck  is  shown  in  Fig.  31.  Here  there 
is  no  equahzing  lever,  the  radius  bar  being  bolted  to  a  cross- 
piece  that  is  attiichcd  directly  to  the  main  frame.  The  con- 
struction should  Iw  evident  from  tlie  cut.  The  kingbolt  fits  in 
a  hole  at  (.'  and  connecla  the  l>edplate  directly  to  the  swing 
bolster.     The  other  parts  are  lettered  the  same  as  in  Fig.  30. 
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(PART  2. ) 


STEAM-PIPE  CONNECTIONS  AND 

CYLINDERS. 


BOME,  THROTTIiB  VAIiVE,  AND  STEAM  PIPES. 


PABTS    ASSEMBI^ED. 

1.  A  simple  form  of  steam  engine  was  described  and  illus- 
trated in  Art.  57,  Part  1,  the  boiler  and  engine  being  in  that 
instance  separate  from  each  other,  the  steam  being  conveyed 
from  the  boiler  to  the  engine  through  a  steam  pipe  connecting 
the  two.  The  engine  in  question  is  called  a  stationary 
engfine,  since  it  is  securely  fixed  on  its  foundation,  and, 
hence,  remains  stationary  while  operating. 

A  locomotive,  on  the  other  hand,  is  a  portable  steam  engine, 
in  which  the  boiler  and  engine  proper  are  combined  into  one 
piece  of  mechanism  and  mounted  on  wheels.  A  locomotive 
really  consists  of  a  boiler,  with  its  various  fittings  and  mount- 
ings, and  two  engines,  the  engines  being  connected  to  the 
same  driving  axle,  their  respective  cranks  being  set  at  an 
angle  of  90®  with  each  other. 

In  Fig.  1  is  shown  a  view  of  a  locomotive  boiler  with  the 
shell  broken  away,  to  show  the  interior  arrangement  of  the 
throttle  valve,  dry  pipe,  and  steam  pipes.  A  is  the  throttle 
valve;  it  is  located  in  the  dome  and  its  duty  is  to  control 
the  supply  of  steam  to  the  cylinders.  B  is  the  stand  pipe; 
0,  the  dry   pipe;    D,  the  T  pipe  or  nigger  head — called  the 

For  notice  oj  copyrighl,  see  page  immediately  following  the  title  page. 
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T  pipe  on  account  of  its  dividing  with  two  branches  like 
the  letter  T;  and  E,  the  steam  pipes  that  connect  with  the 
steamways  in  the  cylinder  saddle.  When  the  throttle  valve  is 
open,  steam  can  pass  from  the  boiler  through  the  valve  into  the 
dry  pipe,  and  thence  through  the  steam  pipes  and  steamways 
in  the  cylinder  saddle,  into  the  steam  chests.  When  the 
throttle  valve  is  closed,  steam  is  prevented  from  passing  from 
the  boiler  to  the  steam  chests. 


THE    DOME. 

2.  The  object  of  a  steam  dome  (shown  at  A,  Fig»  2)  is  to 
provide  a  space  that  is  elevated  considerably  above  the  level  of 
the  water  in  the  boiler,  from  which  space  dry  steam  can  be 
drawn  for  use  in  the  cylinders,  etc.  Besides  this,  the  dome 
adds  a  small  amount  of  steam  space  1o  the  boiler,  and  forms 
a  convenient  stand  for  the  safety  valves,  whistle,  etc. 

The  steam  dome  is  usually  placed  on  the  highest  part  of 
the  boiler,  in  order  that  the  throttle  valve  within  may  be  as 
high  above  the  surface  of  the  water  as  practicable,  the  throttle 
valve  being  so  placed  as  to  prevent,  as  far  as  possible,  the  spray 
or  fine  particles  of  water  thrown  up  by  the  violent  boiling  from 
being  carried  along  with  the  steam  through  the  throttle  valve 
and  into  the  cylinders.  Boilers  in  which  the  crown  sheet  is 
supported  by  crown  bars  generally  have  the  dome  placed  well 
to  the  back  of  the  boiler  and  over  the  firebox;  in  boilers 
having  radial-stayed  crown  sheets  the  dome  must  be  placed 
farther  forward,  as  it  would  interfere  with  the  proper  staying 
of  the  crown  sheet  were  it  directly  above  this  sheet. 


THE    THROTTL.B    VAL.VE. 

3.  Slide- Valve  Throttle. — The  general  practice  in  loco- 
motive work  is  to  place  the  throttle  valve  inside  the  dome. 
In  old  styles  of  locomotives,  however,  the  throttle  valve  has 
been  placed  at  the  front  end  of  the  boiler,  or  else  in  the  smoke- 
box  close  to  the  tube-sheet.  When  placed  in  either  of  these 
positions,  it  consists  simply  of  a  plain  slide-valve  arrangement, 
and  is  operated  by  a  lever  in  the  same  way  as  the  ordinary  type 
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of  throttle  valve.  Slide-valve  throttles,  however,  are  objec- 
tionable, as  they  are  subjected  to  considerable  pressure,  and  are 
therefore  hard  to  handle.  A  slide-valve  throttlt;  is  subjected 
to  the  greatest  pressure  when  closed,  as  then  there  is  no  pressure 
in  the  dry  pipe  to  act  on  the  under  side  of  the  valve;  hence, 
the  throttle  works  hardest  when  it  is  being  opened — just  when 
it  ought  to  work  easiest  On  account  of  this,  it  is  difficult  to 
properly  regulate  the  admission  of  steam  to  the  cylinders  in 
starting  the  engine,  and  for  that  reason  the  slide  valve  is  now 
seldom  used  as  a  throttle  valve. 

4.  Double-Poppet  Valve. — The  form  of  throttle  valve 
generally  used  is  very  similar  to  that  illustrated  in  Fig.  2, 
which,  as  will  be  seen,  is  in  the  form  of  a  double-poppet 
valve.     The  valve  consists  of  the  two  disks  a,b  ot  unequal 


diameters,  cast  with  suitable  wings  c,  c,  which  act  as  guides. 
The  lower  edges  of  the  disks  are  beveled  and  are  carefully 
ground  on  their  seats  until  they  make  a  steam-tight  fit. 
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There  are  several  reasons  for  making  the  disk  b  smaller  in 
diameter  than  the  disk  a:  firsty  by  making  b  the  smaller,  it  can 
pass  through  tho  opening  for  the  disk  a;  and  second,  the  disk  a, 
being  the  larger,  is  subjected  to  a  greater  total  pressure  than  the 
disk  b;  hence,  it  prevents  any  tendency  of  the  valve  to  work 
open.  It  will  be  noticed  that  the  upper  face  of  disk  a  and  the 
lower  face  of  disk  b  are  acted  on  by  the  steam  pressure  in 
the  boiler  when  the  throttle  is  closed.  Now,  if  the  two  disks 
presented  equal  areas  to  the  pressure  of  the  steam,  the  upward 
pressure  on  disk  b  would  balance  the  downward  pressure  on 
disk  a,  and,  neglecting  the  weight,  the  valve  would  be  perfectly 
balanced;  any  sharp  jar,  therefore,  would  tend  to  cause  the 
throttle  to  fly  open  and  admit  steam  to  the  cylinders.  By 
making  the  area  that  is  exposed  to  steam  pressure  slightly 
larger  in  the  case  of  disk  a  than  of  disk  6,  the  valve  is  held 
closed  by  the  difiFerence  in  total  pressures  on  the  disks  (to 
say  nothing  of  the  valve's  weight),  while  at  the  same  time  the 
throttle  will  work  comparatively  easy. 

The  throttle  valve  is  operated  by  a  lever  called  the  throttle 
lever,  which  is  connected  to  the  valve  by  means  of  the  throttle 
stem  dj  bell-crank  lever  e,  link  /,  and  valve  stem  g.  The  valve 
is  made  to  fit  the  valve  stem  g  quite  loosely,  so  that  both  disks 
of  the  valve  are  free  to  set  squarely  on  their  seats. 

5.  Pitkin  Throttle  Valve. — The  small  and  medium 
sizes  of  double-poppet  valves  similar  to  that  just  described 
work  satisfactorily,  as  they  are  fairly  well  balanced.  Those  of 
larger  size,  however,  such  as  must  be  used  with  engines  of  the 
larger  xslasses,  are  not  so  well  balanced;  hence,  they  work  less 
satisfactorily,  being  harder  to  open.  Also,  they  are  harder  to 
keep  steam-tight,  since  the  difiFerence  in  the  expansion  of  the 
valve  and  its  seat,  as  well  as  the  total  pressure  to  which 
the  valve  is  subjected,  increases  with  the^  size  of  the  valve. 

The  Pitkin  valve,  Fig.  3,  was  designed  with  the  idea  of 
overcoming  these  difficulties.  It  consists  of  two  smaller  valves, 
instead  of  one  large  one,  so  connected  to  each  other  and  to  the 
throttle  lever  that  they  can  be  opened  one  at  a  time  by  means 
of  the  same  throttle  lever.     By  using  two  valves  of  moderate 
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Bize,   instead   ot   one  lai^e  one,   the  same,   or  a  greater,  valve 
Opening  can  be  obtained,  thus  giving  the  require"!  volume  of 
steam,  and  the  tendency 
of  the  valve  to  leak  (due 
to  the  expantiion  of  the 
metal)  will  bo  less. 

In  the  figure,  view  (a) 
represents    the    throttle 

valve    and    stand   pipe,  i 

with  part  of  the  valve 
case  removed  to  show 
the  two  valves  A  and  B 
within.  These  valves,  it 
will  be  observed,  are  of 
the  douhle-poppet  type. 


(»> 


View  (h)  shows  a  section  taken  through  the  cent«r  of  the 
throttle- valve  case,  the  valve  B  being  removed.  View  (c)  is  a 
plan  view,  the  valve  case  being  broken  away  to  show  the  parti- 
tion a  which  separates  the  chambers  of  the  valves  A  and  B. 
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The  stems  6  and  c  of  the  valves  are  both  connected  to  the 
crosshead  C,  while  the  crosshead  is  connected  to  the  throttle 
lever  by  means  of  the  link  d,  bell-crank  lever  e,  and  throttle 
stem  /.     It  will  be  noticed,  however,  that  the  pin  t,  which  con- 
nects the  link  d  to  the  crosshead  C,  is  located  nearer  to  pin  h 
than  to  pin  g;  this  arrangement  makes  it  possible  to  open  the 
valves  one  at  a  time.     When  the  throttle  is  closed,  the  steam 
exerts  an  equal  force  on  the  valves,  tending  to  hold  them  on 
their  seats.    When  the 
throttle  lever  ia 
moved,  however,    the 
force  with  which  the 
link  d  tends  to  raise 
the     valves     is     not 
exerted    equally,    the 
greater  force  being  ex- 
erted on  the  valve  B, 
owing  to  the  point  of  '"' 

connection  of  d  and  C 
being  nearer  to  the 
stem  of  this  valve  than 
to  that  o!  valve  A. 

When  the  throttle 
lever  is  moved  in  the 
direction  to  open  the 
throttle,  it  causes  the 
valve  B  to  be  raised 
first.  This  valve  may 
be    opened    wide    at 

once,  or    it    may   be  ^„^^ 

opened   a   little  at  a 

time,  as  required,  until  practically  wide  open,  the  valve  A 
remaining  closed  meanwhile.  When  the  valve  B  is  opened, 
steam  is  admitted  to  throttle  pipe  />,  and  exerts  a  pressure  on  the 
inside  faces  of  valve  A,  partially  l>uluncing  it,  thus  making 
the  valve  open  easily.  In  opening  the  valve  B,  as  soon  as 
the  end  k  of  the  crosshead  strikes  against  the  lug  /  on  the 
valve  case,  this  lug  acta  as  a  fulcrum  for  the  lever  C,  and  any 
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further  movement  of  the  throttle  lever  will  cause  the  valve  A  to 
be  raised  from  its  seat,  thus  opening  the  complete  throttle  valve 
its  full  amount  The  valves  also  close  one  at  a  time,  the  valve 
B  closing  first. 

6.  Vofift  Throttle  ValTe. — A  style  of  throttle  valve  used 
quite  extensively  on  the  Pennsylvania  Railroad  is  shown  in 
Fig.  4,  in  which  (a)  is  a  section  through  the  middle  of  the 
valve  and  throttle  pipe,  and  (6)  is  a  plan  view  showing  part  of  the 
valve  case  broken  away.  The  valve,  which  is  marked  A,  is 
ground  to  a  steam-tight  fit  on  its  seats  a  and  6,  and  is  made 
of  such  a  form  that  it  is  as  nearly  balanced  as  practicable 
The  stem  c  works  in  the  guide  d,  which  insures  the  valves  seat- 
ing properly.  When  the  throttle  is  open,  steam  flows  between 
the  valve  and  its  seats  a,  6,  as  shown  by  the  arrows  in  view  (a). 

7.  Tlirottle  Ijever. — The  throttle  valve  is  operated  by 
means  of  a  bell-crank  lever,  one  arm  of  which  connects  with 
tlie  valve  stem,  and  the  other  with  the  throttle  stem.  The 
throttle  stem  must  pass  from  the  inside  to  the  outside  of  the 
boiler,  and  it  is  made  to  work  steam-tight  by  means  of  a 
stuffingbox  placed  either  in  the  back  head  of  the  boiler  or  on 
the  side  of  the  dome,  or,  in  some  instances,  on  the  top  of  the 
boiler.  The  throttle  stem  is  connected  with  the  throttle  lever 
by  means  of  which  the  engineer  operates  the  throttle  valve. 

Fig.  5  shows  a  form  of  throttle  lever  that  is  suitable 
for  engines  in  which  the  throttle  stem  passes  through  the^de 
of  the  dome.  View  (a)  represents  the  throttle  lever  as  seen 
from  the  back  end  of  the  boiler.  It  shows  how  the  lever  is 
supported  by  the  stand  S,  which  rests  on,  and  is  securely 
fastened  to,  the  top  of  the  boiler.  View  (6)  is  a  plan  of  the 
throttle  lever,  while  view  (c)  is  a  sectional  view  of  the  stuflSng- 
box  B  in  the  stand  S.  It  will  be  observed  that,  as  usual,  one 
end  of  the  stuffingbox  has  been  bored  out  to  receive  the 
packing  and  the  gland  0.  The  other  end  is  bored  out  and 
tapped,  and  a  wrought-iron  pipe  P  screwed  into  it.  This  pipe 
is  long  enough  to  reach  from  the  stand  S  to  the  dome,  and  it 
has  a  brass  flange  screwed  on  to  its  end,  wliich  is  riveted  to 
the  outside  of  the  dome,  as  in  Fig.  2.     The  bore  of  the  pipe  P 
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is  made  larger  than  the  diameter  of  the  throttle  stem  that 
passes  through  it,  so  as  not  to  interfere  with  the  free  movement 
of  the  latter,  the  pipe  acting  as  a  protection  to  the  rod,  and 
also  enabling  us  to  locate  the  stuffingbox  inside  the  cab. 

The  throttle  lever  consists  of  the  lever  proper,  marked  L,  and 
the  rack  J?,  latch  A^  link  l^  and  handle  C^  which  form  a 


Fia.  5. 


locking  arrangement,  by  means  of  which  the  throttle  can  be 
locked  in  any  position  desired.  The  link  D  connects  the 
throttle  lever  to  the  lug  h  on  the  stand  S,  and  serves  as  a 
fulcrum  for  this  lever.  The  rack  R  is  keyed  to  the  throttle 
stem  8  by  the  key  i,  as  shown,  and  is  connected  to  the  throttle 
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lever  by  means  of  the  pin  d.  It  is  provided  with  a  number 
of  teeth,  the  pitch  of  which  is  made  as  small  as  possible 
in  order  that  the  throttle  valve  may  be  opened  or  closed  a 
very  little  at  a  time,  thus  giving  a  good  r^ulation  of  the  steam 
supply. 

In  the  end  of  latch  A  are  three  or  four  teeth  that  engage 
with  the  teeth  in  rack  R.  A  lug  A,  cast  on  the  bottom  of  the 
latch,  slides  in  a  slot  in  the  lever,  and  forms  a  guide  for  the 
latch.  The  latch  is  connected  to  the  handle  C  by  the  link  Z, 
so  that  pressing  the  handle  towards  the  throttle  lever  raises 
the  latch  and  disengages  it  from  the  rack,  thus  leaving  the 
lever  free  to  move.  Engaging  the  latch  with  the  rack  locks 
the  lever  in  position.  When  the  throttle  lever  is  in  the 
position  shown  in  the  figure,  the  throttle  valve  is  closed. 
Pulling  the  lever  outwards  from  the  stand  opens  the  throttle 
valve,  the  throttle  being  wide  open  when  the  lever  is  in  its 
extreme  outward  position. 

8.  Regrrlndlngf  a  Throttle  Valve. — Whenever  a  throttle 
valve  shows  signs  of  leaking,  it  must  be  reground.  To  do 
tliis,  emery  is  used,  and  the  valve  is  ground  on  its  seats  until 
a  perfect  fit  is  obtained  all  around  on  both  the  upper  and  lower 
valve  seat.  Both  disks  should  then  be  wiped  clean  of  all 
emery,  and  the  valve  given  sufficient  extra  turns  to  wear  a 
polish  on  the  valve  and  its  seat.  This  insures  a  tight  joint 
when  under  steam,  since  the  expansion  of  the  valve  when 
heated  is  practically  the  same  as  the  expansion  of  the  seats. 
To  determine  whether  the  throttle  is  leaking,  close  the  throttle, 
place  the  reverse  lever  in  full  gear,  and  open  the  cylinder  cocks; 
a  leak  will  be  indicated  by  steam  escaping  from  the  cylinder 
cocks.  The  steam  supply  to  lubricator  should  be  shut  off 
while  making  this  test,  or  the  steam  coming  from  lubricator 
into  steam  chest  will  mislead  one. 


STEAM    PIPES. 

9.  The  steam  pipes,  as  was  explained  in  connection  with 
Fig.  1,  are  located  in  the  smokebox — see  E,  E,  Fig.  6,  view  (a) — 
and  connect  the  T  pipe  with  the  steamways  a,  6  in  the  cylinder 
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saddle  that  lead  to  the  steam  chests.  The  steam  pipes  are 
made  to  conform  quite  closely  to  the  shell  of  the  smokebox,  for 
the  reason  that  they  are  then  removed  from  in  front  of  the  flues 
as  much  as  possible,  and  hence  interfere  the  least  with  any 
work  that  may  have  to  be  done  on  the  Sues.  Also,  when  so 
curved,  the  ill  effects  of  the  expansion  and  contraction,  due 
to  the  great  changes  of  temperature  in  the  smokebox,  are 
very  much  reduced. 

Owing  to  variation  in  the  lengths  of  the  steam  pipes  due  to 
expansion  and  contraction,  it  is  rather  difficult  to  keep  the 
joints  at  the  top  and  bottom  ends  steam-tight;  it  has  been  found 
that   to  obtain   the  V""- 
results,  a  form   of  ji 
must  be  used  that  hi 
certain  amount  of  b 
flexibility     and    adji 
ability.    Fig.  6,  view  ( 
illustrates     a     form 
joint    that    is    now 
general  use.     It  is  m 
by  placing  a  ring  r 
brass  or  cast  iron 
in   the    steam- pipe 
connection.    When 
such  a  joint  is  used, 
the  steam  pipe  can 
be. moved   slightly 
on  its  seat  in  any 

direction      without  Fio.  e. 

the  joint  leaking,  while  at  the  same  time  it  is  sufficiently 
flexible  to  take  care  of  the  contraction  and  expansion  of  the 
steam  pipe.  After  being  carefully  ground  in,  this  joint  is 
bolted  up,  aa  shown. 

10.  Leaky  Steam  Pipes. — A  comparatively  small  leak 
in  any  of  the  joints  of  the  steam  pipes  will  make  an  engine 
steam  badly  (see  Art.  31,  Locomotive  Binkrs,  Part  1).  For  this 
reason  the  steam-pipe  joints  must  be  kept  perfectly  steam-tight, 
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being  reground  as  soon  as  possible  after  a  leak  occurs.  A  leaky 
steam  pipe  is  indicated  by  its  effect  on  the  fire  and  by  the 
sound  it  makes,  the  sound  being  very  similar,  though  less  in 
volume,  to  that  made  by  the  blower.  Also,  the  sound  will  be 
more  distinct  when  the  fire-door  is  open.  To  locate  the  leak, 
open  the  smokebox  door,  and  then,  with  the  reverse  lever  in 
mid-gear  open  the  throttle  slightly — the  leak  will  be  indicated 
at  once  by  steam  escaping. 


CYIiTNDEB    SABBIiE    ANT>    CTIiTNDERS. 


11.  Saddle  Construction. — In  order  that  the  steam 
cylinders  may  be  fastened  rigidly  together  and  secured  firmly 
to  the  boiler,  they  are  attached  to  a  casting  called  a  bedplate,  or 
BoddUy  which  is  placed  between  them.  Two  methods  of  con- 
struction are  used  for  fastening  the  cylinders  together  by  means 
of  a  cylinder  saddle.  One  (now  seldom  used),  illustrated  in 
Fig.  7  (a),  consists  in  casting  the  cylinders  A  separately  from 
the  saddle  B,  and  then  fastening  the  cylinder  to  the  saddle  by 
means  of  bolts  a,  a  passing  through  the  flanges  c;  the  other, 
illustrated  in  view  (6),  consists  in  casting  one  cylinder  and 
half  of  the  saddle  in  one  piece.  The  two  halves  of  the  saddle 
are  then  bolted  together  by  means  of  the  bolts  a  and  the 
flanges  c.  The  latter  method  is  the  one  most  frequently  used. 
It  requires  but  one  pattern  for  an  engine,  as  a  cylinder  with 
its  half  saddle  can  be  used  for  either  side,  there  being  no  rights 
and  lefts.  Method  (a)  requires  two  patterns — one  for  the  saddle 
and  the  other  for  the  cylinders;  one  pattern  serving  for  the 
two  latter. 

12.  Steam  and  Exliaust  Passagres. — A  plan  of  a  half 
cylinder  saddle  and  cylinder  is  shown  in  Fig.  8,  in  which  the 
steam  chest  and  also  the  slide  valve  are  removed  to  show 
the  valve  seat.  -4  is  the  end  of  one  of  the  steam  passages  in  the 
cylinder  saddle,  one  of  which  leads  to  each  cylinder;  it  connects 
with  one  of  the  steam  pipes,  and  leads  by  means  of  two  branches 
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to  the  supply  ports  x  and  y  opening  into  the  steam  chest. 
The  duty  of  the  steam  passage  is  to  conduct  steam  from  the 
steam  pipe  to  the  Bt«am  chest,  admitting  it  through  the  ports 
X  and  y.  B  is  one  of  the  exhaust  passages  in  the  saddle,  one 
of  which  leads  to  each  cylinder.     This  passage  connects  the 


exhaust  port  c  in  the  valve  seat  witli  the  exhaust  pipe  in 
the  smokebox.  Its  duty  is  to  conduct  the  exhaust  steam 
from  the  port  c  to  the  exhaust  pipe. 

Fig.  9  shows  a  section  of  a  cylinder  and  half  saddle,  taken 
through  the  port  c  and  the  passages  A  and  B,  Fig.  8.  It  shows 
the  exhaust  passage  B  from  the  exhaust  port  c  to  the  end  that 
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Fio.  9. 
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connects  with  the  exhaust  pipe;  it  also  shows  part  of  the  steam 
passage  A.     This  steam  passage  widens  and.  divides  into  two 
branches,  one  passing  on  either  side  of  the  exhaust  passage, 
as    indicated    by  the 
dotted  lines. 

Fig.  10  shows  the 
form  of  the  passages; 
that  is,  if  a  core  of 
each  passage  could  be 
obtained,  that  of  the 
exhaust  passage  would 
resemble  view  (a),  and 
that  of  the  steam  pas- 
sage would  resemble 
view  (6).  In  view  (a), 
£  is  the  end  to  which 
the  exhaust  pipe  is 
connected,  while  c  is 
the  exhaust  port  in 
the  valve  seat.  The 
steam  passage,  it  will 
be  observ'ed,  divides 
into  two  branches  that 
connect  with  the  ports 
X  and  y  in  the  valve 
seat.  In  their  regular 
positions,  the  steam- 
passage  core  would 
straddle  the  exhaust- 
passage  core,  one  of 
the  branches  being  on 
either  side. 

In  Fig.  11,  the  cyl- 
inder saddle  and  cyl- 
inder are  represented 

as  being  transparent,  so  as  the  more  clearly  to  show  the  actual 
relative  positions  of  the  steam  passage  A  and  the  exhaust 
passage  B,     The  steam  ports  a  and  h  in  the  valve  seat,  the 
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former  of  which  is  situated  between  the  exhaust  port  c  and  the 
Bupply  port  X,  and  the  latter  between  the  exhaust  port  c  and 
the  supply  port  y  (see  Fig.  8),  have  here  been  purposely 
omitted  so  as  to  mate  the  figure  clearer.  It  will  be  observed 
that  steam  passes  from  the  steam  pipe  A  to  both  of  the  supply 
ports  X  and  y. 

It  may  be  mentioned   that  there  are  several  reasons  for 
branching  the  steam  passage  A  in   the  manner  here  shown: 


first,  it  results  in  the  steam  being  supplied  to  both  ends  of  the 
steam  chest,  in  consequence  of  which  the  steam  can  pass  equally 
well  into  either  end  of  the  cylinder;  second,  the  cylinder  and 
half  saddle  for  each  side  of  the  locomotive  can  be  made  from 
the  same  pattern;  and  tliird,  the  cylinders  can  be  used 
interchangeably. 
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CYUNDERS. 

13.  The  cylinders  are  cast  from  a  grade  of  cast  iron  that 
is  both  hard  and  homogeneous  in  structure.  The  iron  should 
be  as  hard  as  can  be  conveniently  worked  during  the  processes 
of  boring,  planing,  drilling,  etc.,  in  order  that  it  may  better 
resist  the  wearing  effect  of  the  piston  and  the  slide  valve;  it 
should  be  homogeneous  in  order  that  it  may  wear  equally. 
The  cylinders  are  counterbored  at  each  end  about  J  inch  larger 
in  diameter  than  the  diameter  of  the  cylinder;  the  width  of  the 
counterbore  being  such  that  the  near  piston  ring  will  overtravel 
it  a  short  distance  at  either  end  of  its  stroke.  The  object  of  the 
counterbore  is  to  prevent  the  formation  of  a  shoulder  in  the 
cylinder  at  the  end  of  the  piston  travel,  which  would  be  objec- 
tionable if  the  range  of  piston  travel  should  be  changed  when 
letting  together  the  brasses  of  the  main  rod.  The  cylinder  heads 
are  ground  in  with  oil  and  emery  until  they  make  a  steam-tight 
joint  with  the  cylinder  flanges,  to  which  they  are  secured  by 
means  of  stud  bolts.  To  prevent  radiation  of  heat,  the  body 
of  the  cylinder  is  covered  with  lagging,  while  the  head  and 
steam  chest  are  provided  with  a  casing.  The  lagging  usually 
consists  of  a  layer  of  asbestos,  magnesia,  wool  felt,  or  some 
similar  substance  that  is  a  poor  conductor  of  heat,  held  prop- 
erly in  place  and  covered  with  a  jacket  of  Russia  iron. 


CYUNBER    AND    STEAM    CHEST. 

14,  In  Fig.  12  a  sectional  view  of  a  locomotive  cylinder 
and  steam  chest  is  given,  in  which  0  is  the  cylinder;  P,  the 
piston;  S^  the  steam  chest;  and  K,  the  slide  valve,  h  and  s  are 
the  front  and  back  cylinder  heads,  respectively;  ports  a  and  h 
are  called  the  steam  ports;  port  c  is  the  exhaust  port,  and  d 
is  the  exhaust  cavity  in  the  slide  valve;  p  is  the  piston  rod, 
and  j  the  valve  stem,  both  of  which  work  steam-tight  through 
the  packings  m  and  n,  respectively.  The  partitions  /  and  g 
between  the  steam  ports  and  the  exhaust  port  are  called  bridges. 
The  raised  portion  that  is  marked  efgh  is  planed  smooth 
and  level,  and  forms  the  slide-valve  seat.  The  steam  ports  a 
and  b  conduct  steam  both  to  and  from  the  front  and  back  ends 
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of  the  cylinder,  respectively.  The  exhaust  port  c  connects 
with  the  exhaust  passage  B,  Fig.  8,  which  leads  to  the  exhaust 
pipe,  while  the  supply  ports  x  and  y  connect  with  the  steam 
passage  A  in  the  saddle,  Fig.  8. 

On  top  of  the  Bteam  chest  is  the  Bteam-chest  cover;  stud  holts 
are  S';rewi'd  into  the  cylinder,  and  the  steam  chest  and  cover 


bolted  up  together  at  one  operation.  Over  the  steam-chest 
cover  is  placed  a  thin  casing,  as  shown  in  the  figure.  The  joint 
between  the  cylinder  and  steam  chest  and  also  that  between  the 
latter  and  its  cover  is  made  by  means  of  a  copper  wire, 

The  operation  of  a  steam  cylinder  was  fully  explained  in 
Art.  55,  Part  1. 
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DRIVING  GEATt. 


ASSEMBXiT    or    PARTS. 

15.  In  Fig.  13  is  illustrated 
the  combination  of  parts  which, 
considered  together,  form  what  is 
generally  spoken  of  as  the  drl- 
vlngf  gear  of  a  locomotive. 
It  consists  (on  each  side  of  the 
engine)  of  the  piston  P,  piston 
rod  p,  crosshead  //,  guides  G, 
main  rod  3f,  side  rod  S,  and 
cranks  C,  of  which  k  and  c  are 
the  crankpins.  The  driving  gear 
is  exactly  the  same  for  both 
sides  of  the  engine,  with  the 
exception  that  some  of  the  parts 
are  made  rights  and  lefts.  When 
steam  is  admitted  to  the  steam 
cylinder,  it  exerts  a  force  on  the 
piston  that  causes  it  to  move, 
and  this  movement  is  transmitted 
to  the  driving  wheels  through 
the  medium  of  the  main  and 
side  rods,  causing  the  wheels  to 
revolve.  It  will  be  seen  that  the 
action  of  the  locomotive  in  caus- 
ing the  driving  wheels  to  revolve 
is  similar  to  the  action  of  a 
stationary  engine  in  rotating  the 
flywheel.  In  the  locomotive,  it 
may  be  remarked,  the  crank  is 
cast  as  part  of  the  driving  wheel, 
whereas  in  the  stationary  engine, 
it  is  on  the  shaft  or  axle,  being 
either  solid  therewith  or  'else 
made  separate  and  keyed  on. 


CO 

I— 
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THE  STEAM   PISTON. 


16.  There  is  such  a.  large  variety  of  pistons  in  nee,  and 
they  differ  bo  greatly  in  construction,  that  it  would  be  useless 
to  atteuipt  to  deBcribe  tliem  all;  hence,  only  a  few  types  will 


be  illustrated,  comprising  one  or  two  that  have  heretofore  been 
widely  usetl,  together  with  others  of  more  modem  type, 

Figa.  14  and  15  illustrate  two  forms  of  pistons  tliat  have  been 
used  for  a  number  of  years,  and  are  still  in  use  to  some  extent. 
In  Fig.  14,  view  (a)  represents  the  front  face  of  the  piston,  with 
half  of  the  follower  plate  removed  to  show  the  packing  springe 
and  packing-bolta  and  nuts.  View  (i)  is  a  section  of  the  piston 
taken  tiirough  its  center.  The  body  of  the  piston  is  made 
in  two  parts;  that  marked  A  is  called  the  spider,  and  it  is 
to  this  "piece  that  the  piston  rod  is  attached  by  means  of  the 
key  it.  The  piece  marked  B  is  called  the  follovf  er  plate.  The 
two  are  secured  togctlier  by  means  of  the  bolts  b,  called  the 
follofl^er  bolts.  These  bolts  screw  into  brass  nuts  c,  fitted 
into  recesses  in  the  arms  C.     It  is  necessary  to  use  brass  nuts, 
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because  if  the  bolts  were  screwed  directly  into  the  spider,  they 
would  rust  fast,  and  it  would  then  he  difficult  to  remove  them 
to  take  off  the  follower  plate. 


The  piston  is  made  to  work  steani- 
tight  in  the  cylinder  by  means  of 
the  two  packing  rings  r,  r,  which 
are  held  againet  the  walls  of  the 
cylinder  by  the  springs  s,  called 
packlniT  sprlngrs,  the  tension  of 
which  can  be  regulated  by  means  of 
the  nut£  n,  n.  The  packing  rinp 
are  of  brass  and  contain  grooves  d,  d 
filled  with  Babbitt.  The  ring  e  is 
made  of  cast  Iron,  and  ita  function 
is  to  transmit  the  pressure  of  the 
springs  equally  to  the  packing  rings.  c) 

The  piston  is  held  centrally  in  the  '^'  "* 

cylinder  by  properly  adjusting  the  tension  of  the  springs. 

The  piston  shown  in  Fig.  15  is  of  simpler  construction  than 
that  shown  in  Fig.  14,  and  is  now  more  generally  used,  (Cor- 
responding parte  of  the  pistons  are  marked  by  the  same  letters. ) 
In  this  piston  the  packing  springs  a  are  done  away  with.     The 
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epider  and  follower  plate  are,  as  before,  made  to  fit  loosely  in 

the  cylinder,  the  whole  being  made  to  work 

steam-tight  by  means  of  the  packing  rings 

r,  r.    These  rings  are  of  the  Dunbar  type,  a 

type  that  haa  been  used  extensively  in  the 

past  and  is  again  coming  into  favor  on  many 

roads.     A  good  idea  of  the  construction  of 

h  this  packing  can  he  obtained  from  view  (c), 

i  The  packing  consists  of  two  rings,  one  d  of 

J  L-shaped  cross-section,  and  the  other  /  of 

I  square  cross- section.     Each  ring  is  cut  into 

several  sections  (four  in  this  case)  and  the 

pieces  are  made  to  break  joints,  as  shown  in 

view  (c) ;  a  square  piece  g  about  I  inch  long 

is  riveted    in    the   middle  of  one   of   the 

L-shaped  pieces  so  as  to  prevent  the  rings 

tumii^  relatively  to  one  another,  and  thus 

^°-  ^^         not  breaking  joints.     The  packing  rings  are 

held  out  against  the  walls  of  the  cylinders  when  steam  is  not 

being  used  by  three  round  steel  wire  springs  k,  view  (6). 


HODERX  TTPES. 

1 7.  Figs,  16  and  17  illustrat*  two  pistons  of  more  modem 
construction  than  those  just  described.  Each  is  made  in  two 
parts,  the  spider  A  being  of  cast  steel,  and  the  ring  B  of  cast 
iron;  steel  is  used  so  as  to  decrease  the  weight  of  the  piston  as 
much  as  possible.  The  ring  B  of  the  piston  shown  in  Fig.  16 
screws  on  to  the  spider,  as  shown,  and  the  joint  on  the  opposite 
side  at  j  is  riveted  over  to  prevent  the  ring  from  working  loose. 
The  ring  B,  Fig.  17,  is  turned  up  t-J^  inch  smaller  in  diameter 
than  the  spider,  and  is  then  shrunk  on.  Tlie  ring  and  spider 
are  fastened  together  with  a  number  of  bolts  b  that  pass  through 
the  spider  and  also  through  lugs  on  the  ring.  The  ring,  at  its 
bottom,  is  enlarged  in  width — about  IJ  times.  This  is  done 
for  the  pui-pose  of  increasing  the  wearing  surface  without 
increasing  the  weight  of  the  piston  unnecessarily.  In  this 
design  the  cylinder  heads  conform  to  the  shape  of  the  piston, 
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so  as  not  to  increase  the  steam  clearance  space.  Soft  cast-iron 
packing  rings  r,  r  are  used  with  both  piBtone,  the  rings  being 
sprung  into  grooves  provided  for  them 
In  the  ring  B.  By  either  of  the  foregoing 
constructions  it  is  possible  to  .make  a 
piston  equally  as  strong  as  the  ordinary 
form,  while  at  the  same  time  it  is  con- 
siderably lighter. 


MSTALLtC   KOD  FACKrNG. 

18.  AdTantases  of  Metallic 
Packing. — The  piston  rod  is  made  to 
work  steam-tight  through  the  cylinder 
head  by  the  use  of  some  form  of  packing. 
Formerly,  piston-rod  packing  consisted 
simply  of  some  fibrous  material,  as,  for 
example,  hemp,  but  the  modern  practice 
is  to  use  a  metallic  packing,  which  is 

leas  liable  to  blow  out  and  also  reduces  '"*■  "■ 

the  friction  and,  consequently,  the  wear  on  the  piston  rod. 
There  are  several  forms  of  metallic  packing  in  general  use, 
among  which  are  the  Untied  Stales  and  the  Jerome. 

19.  United  States  Metallic  Packingr- — A  sectional 
view  of  this  metallic  packing  is  shown  iu  Fig.  18.  It  consists 
of  the  gland  C  thut  is  bolted  to  the  stuffingbox  A',  eome  Babbitt 
rings,  and  a  spring,  suitably  arranged.  A  8tp.ini-tight  joint  is 
made  betweni  the  gland  C  and  the  stuliinghox  .S'  by  means  of  the 
two  gaskets  J»,  n.  The  packing  consists  of  the  tiiree  Babbitt 
rings  c,  d,  and  e  contained  in  the  vibrating  cup  b,  the  interior  of 
which  is  in  the  form  of  a  cone.  One  face  of  the  brass  ring  a  is 
turned  spherical,  so  as  to  form  a  joint  with  its  seat  similar  to  a 
ball  joint,  while  the  other  face  is  flat  and  forms  a  Hat  joint  with 
the  cup  b.  The  brass  ring  /,  called  the  follower,  bears  against 
the  face  of  the  ring  e,  so  that  the  tensiun  of  the  spring  g  is 
always  exerted  to  keep  the  packing  ringK,  vibrating  cup  b,  and 
the  ring  a  in  position.     This  tendency  of  the  spring  and  of  the 
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steam  ti>  force  the  rings  into  tlie  cup  b  and  cause  the  rings  to 
contract  in  diameter  and  grip  the  piston  rod  hard  enough  to 
make  a  Btearn-tight  joint.  The  function  of  the  epring  g  is 
to  hold  all  the  parts 
in  place  during  the 
return  stroke  of 
the  piston  when  the 
buck  end  of  the 
cylinder  is  open  to 
tlieexhaust.  It  will 
bo  observed  that 
only  the  Babbitt 
rings  come  in  con- 
tact with  the  piston 
rod;  also,  that  the 
packing  may  have 
a  direct  sliding 
niovonient  upon  the 
face  between  the 
cup  6  and  ring  a; 
"'  or  it  may  have  a 

rocking  motion  between  the  ring  a  and  the  cap  C;  or  it  may 
have  both  motions  at  the  same  time,  so  that  the  packing  will 
not  cramp  on  the  rod.  0  ia  an  oil  cup  that  feeds  into  the  swab 
cup  A,  i  being  the  swab. 

Fig.  19  is  a  section  of  the  metallic  packing  as  applied  to  a 
valve  stem.  It  will  be  seen  that  this  is  practically  the  same 
as  the  piston-rod  packing,  but  few  changes  being  necessary  to 
adapt  it  to  the  valve  stem.  A  babbitted  bushing  j  is  placed 
in  the  Btuffingbox  to  sustain  the  weight  of  the  stem  and  yoke, 
and,  as  this  is  liable  to  wear  the  valve  stem,  the  cap  O  must  be 
lengthened  sufliciently  for  the  }>acking  to  be  beyond  the  worn 
spot  in  the  valve  stem  1',  otherwise,  the  worn  spot  would  cause 
a  leak,  Tlie  preventer  i  is  made  necessary  by  the  lengthening 
of  tlie  Ciip  C. 

20,  Miiltliin»rt>lar  T*ft<'klnff. — An  improved  form  of  the 
Unite<l  States  metiiilic  jiacking,  known  as  the  niiiUiangiilar, 
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is  shown  in  Fig.  20.  Comparing  tbia  with  Fig.  18,  it  will  be  seen 
that  the  improvement  in  the  present  packing  lies  in  the  bore 
of  the  vibrating  cup  b.     In  the  old'Style  cup  this  bore  is  made 


parallel  with  the  rod  for  some  distance,  and  thea  makes  an 
angle  of  35°  with  it.     In  the  present  cup  the  bore  first  forms  an 
angle  of  15°  with  the  rod,  and  then  one  of  45°;  hence  the  name 
midtianffular.     In  the  old-style  cup,  as  the  pressure  of  the  steam 
and  the  spring  g  forces  the  packing  rings  into  the  cup,  the  35° 
angle  between   the 
cup  and  the  ring  c 
causes  that  ring  to 
contract     more    in 
diameter,    and, 
hence,  to  grip  the 
rod     considerably 
harder     than     the  1 
rings  d  and  e;   con- 
sequently, the  wcnr 
of  the  rings  c  and 
of  the  rod  is  greater 
than   it   would   be 

were  the  grip  of  the  rings  more  nearly  equal.     The  two  angles 
of  the  improved  cup  are  intended  to  overcome  this  defect,  for, 
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as  the  rings  are  forced  forward,  the  two  angles  cause  all  three 
rings  to  contract  in  diameter.  A  packing  of  the  old  type  may 
be  changed  to  the  present  form  by  removing  the  cup  and  rings 
and  inserting  those  of  the  new  type  in  their  place. 

21.  Jerome  Metallic  Packinfi:. — A  sectional  view  of  the 
Jerome  metallic  pucklnfr  is  shown  in  Fig.  21  (a),  while  in 
(6)  one  of  the  packing  rings  is  shown  open,  ready  to  be  closed 


o 


around  the  piston  rod  without  disconnecting  the  rod  from  the 
croeshead.  In  the  figure,  P  is  the  piston  rod;  C,  the  gland,  or 
cap;  S,  the  stuSingbox;  b,  the  cone  or  packing  case;  e,  e,  the 
packing  rings;  /,  the  follower;  ft,  the  back  bushing  ring  that 
forms  a  seat  for  the  spring  g;  i,  k  are  ground  joints  between  the 
flange  of  the  cone  b  and  the  cap  and  stuffingbox;  I  is  a  swab 
case,  and  s  a  swab  for  wiping  and  lubricating  the  piston  rod. 
The  packing  rings  e,  view  (6),  are  split  so  that  a  rod  can  be 
packed  without  uncoupling  it.  The  Jerome  valve  stem  pack- 
ing is  similar  to  the  United  States  packing,  except  that  it  is 
provided  with  a  heavy  brass  setscrew  for  clamping  the  valve 
stem  if  the  engine  is  disconnected.  This  setscrew  is  similar  to 
the  one  shown  at  x,  Fig.  19,  except  that  it  is  long  enough  to 
reach  the  stem  when  the  oil  cup,  or  washer,  is  taken  olT. 

22,  Harthan's  Metallic  Packing:. — A  new  form  of 
metallic  packing,  called  Ilai-than'.s  inetalltc  packlntj;,  after 
its  inventoij  Mr.  F.  E.  Harthan,  id  shown  in  Fig.  22.     While  this 
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packing  differs  slightly  in  conetruction  from  those  just  described, 
its  principle  of  operation  is  the  eame,  and  for  purposes  of  com- 
parison, corresponding  parts  of  the  three  forms  of  packing  are 
marked  with  the  same  letters.     The  spring  g  in  this  packing 


consists  of  a  number  of  small  spiral  springs  set  in  holes  drilled 
in  the  back  bushing  ring  A.  The  packing  rings  e,  e  consist  of 
rings  made  of  gun  metal  or  bronze,  and  divided  as  shown  in 
views  (fi)  and  (c).  They  are  held  together  by  means  of  a  small 
spiral  spring  s,  which  thus  allows  the  packing  to  be  renewed 
without  taking  the  rod  down.  The  four  rings  e  are  placed 
so  as  to  "break  joint,"  thus  preventing  leaki^e  of  steam 
through  them. 

CKOSSHBAD    AND    GUIDES. 

nntcnoN  of  cros!4iieau  ajjd  guides. 
23.  Referring  to  Fig.  13,  it  will  be  seen  that  when  the 
engine  is  running  forwards,  the  action  of  the  main  rod  tends  to 
bend  the  end  of  the  piston  ri>d  upwards — pnnhing  it  upwards 
on  the  outward  stroke,  and  pulUmj  it  upwards  on  the  return 
stroke.     On  the  other  hand,   when   running   backwards,   the 
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tendency  is  to  bend  the  piston  rod  dovrnwarda  during  both 
strokes  of  the  piston.  It  is  to  prevent  tliis  bending  of  the 
])iBton  rod,  and  to  compel  it  to  move  in  its  true  course,  that  an 
engine  is  provided  with  crosshead  and  guides.  The  croeshead 
pin,  or  wristpin,  also  forms  a  flexible  connection  between  the 
piston  rod  and  the  main  rod. 

TTTES    OF    CR08SIIBAD9    AND    GUTDBS. 

24.     Several  types  of  crossheads  in  general  use  are  illustrated 
in  Figs.   23,   24,   and  25,   in  which   corresponding  parts   are 


designated  by  the  same   letters.      Fig.   23   illustrates  a  type 
sometimes  spoken  of  as  the  locomotive  crosshead;  view  (a)  is  a 
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plan;  view  (6)  ia  a  side  elevation  with  the  guides  1,  2,  and  the 
near  half  of  crosshead  removed  eo  as  to  show  the  main- rod  con- 
nection; while  view  (c)  ia  a  aection  of  the  cronshead  aa  aeen 
from  the  back  end. 

The  crosBhcad  C  is  made  either  of  iron  or  ateel.  In  the 
type  ehown  in  Fig.  23,  in  which  four  guides  1,  S,  3,  4  are 
employed,  C  is  sometimes  cast  solid  with  the  wings  s  and 
wriatpin  M,  and  is  then  preferably  made  of  cast  steel;  or  it 
may  be  made  up  in  parts,  as  in  the  present  case,  the  cross- 


head  body  being  of  wrought  iron  or  steel,  the  wings  of  cast 
iron,  and  the  wristpin  of  wrought  iroa  or  steel.  The  wrists 
pin  here  is  made  of  steel.  It  is  turned  ap  to  diameters, 
one  small  one  to  lit  the  croaahead  on  one  side,  the  wriat- 
pin diameter,  and  a  larger  diameter  for  the  other  side  of 
the  croashead;  the  pin  is  then  prcwed  into  place.  The  brasa 
stripe  j  are  called   gibs.      Thi-   piston   rod  P  is  secured  in 
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the  crosshead  by  the  key  fc,  while  the  main  rod  is  coupled  up 
to  the  wristpin  as  shown. 

The  front  ends  of  the  guides  are  attached  to  the  back  cylinder 
head,  while  the   back  ends  are  secured  to  the  guide  yoke  g, 
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which  is  bolted  to  the  engine  frame.  The  guides  are  set  paral- 
lel to  the  center  line  of  the  cylinder,  both  horizontally  and 
vertically,  so  that  the  crosshead  may  move  in  a  straight  line 
coincident  with  axis  of  cylinder  and  thus  avoid  bending  the 
piston  rod.  Guide  blocks  b  are  fitted  between  the  guides  at 
each  end,  the  whole  being  bolted  together,  as  shown.  These 
keep  the  guides  a  certain  distance  apart,  and,  as  the  latter  wear, 
the  blocks  are  reduced  so  as  to  compensate  for  the  wear. 


&t 
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Fig.  26. 
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Or  if  liners  are  put  in  at  the  beginning,  one  or  more  may  be 
removed  to  bring  the  guides  together,  or,  if  one  liner  only  is 
used,  it  may  be  either  reduced  in  thickness  or  else  replaced  by 
a  thinner  one.     A  small  groove  e  is  cut  across  the  wearing 
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faces  of  the  guides  at  each  end  in  such  a  position  that  the 
crosshead  will  overtravel  slightly,  thus  preventing  the  forma- 
tion of  shoulders.     The  oil  cups  are  marked  o. 

The  crosshead  illustrated  in  Fig.  24  has  only  two  guides,  one 
above  and  one  below  the  crosshead.  That  shown  in  Fig.  25 
has  two  guides  also,  but  in  this  type  both  guides  are  above  the 
wristpin.  The  illustrations  show  the  construction  of  the  cross- 
head  clearly,  so  that  no  further  description  is  necessary. 
A  form  of  crosshead  having  but  one  guide  is  illustrated  in 
Fig.  26.  This  type,  however,  is  not  used  as  much  as  the 
other  types. 


CONNECTING-BODS. 


TZrSCnO^   of   THB    CONNlCCmNG-IlOD. 

26.  The  connecting-rods  of  a  locomotive  consist  of  the 
main  rods  and  the  side  rods,  the  latter  often  being  called 
parallel  rods,  or  coupling  rods.  The  main  rods  connect  the 
crossheads  with  the  crankpins  of  one  pair  of  the  driving  wheels, 
these  particular  crankpins  being  called  the  main  crankpins,  or, 
simply,  the  main  pins.  The  duty  of  the  main  rods  is  to 
transmit  the  thrust  of  the  pistons  to  the  crankpins,  thus 
causing  the  driving  wheels  to  revolve.  By  the  use  of  side 
rods,  two  or  more  pairs  of  driving  wheels  can  be  used,  and  the 
adhesion  of  the  locomotive  increased  accordingly.  The  duty 
of  the  side  rods  is  to  couple  the  drivers  together  in  such  a  way 
that  the  force  transmitted  by  the  main  rods  will  be  divided 
among  them. 

The  main  rods  on  the  American  type  of  eight-wheeled  engine 
are  connected  to  the  journal  of  the  main  crankpins  next  to  the 
wheels,  while  the  side  rods  are  connected  outside  of  the  main 
rods.  This  arrangement  permits  of  smaller  main  crankpins 
being  used,  since  the  force  applied  to  the  pin  by  the  main  rod 
has  less  tendency  to  bend  it.  On  some  engines — for  instance, 
the  mogul  or  consolidated — the  front  drivers  are  so  far  forward 
that  the  main  rods  cannot  be  connected  to  them.     In  all  such 
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cases  the  side  rods  must  be  connected  to  the  journal  of 
the  main  crankpins  next  to  the  wheels,  the  main  rods  being 
connected  to  the  outside  journal. 
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MAIX    RODS. 

26.  Two  forms  of  main  rods  are  shown  in  Fig.  27.  The 
first  rod,  view  (a),  is  a  solid  bar  of  rectangular  section,  while 
the  second,  view  (6),  is  fluted  or  grooved  out  until  it  has  a 
section  similar  to  the  letter  I.  The  former  style  has  been  used 
quite  extensively,  but  the  tendency  now  is  to  use  the  latter  type. 

The  ends  of  the  rod  are  enlarged  to  form  stub  ends,  the  back 
end  being  made  the  larger  of  the  two,  on  account  of  the  main 
pin  being  of  a  greater  diameter  than  the  wristpin.  The  ends 
are  each  provided  with  bearings  6,  b  (called  brasses)  that 
embrace  the  pins  and  are  in  halves,  to  provide  a  means  of 
taking  up  the  wear.  These  brasses  are  held  in  position  by  the 
straps  8y  8y  which  are  fastened  to  the  rod  itself  by  the  bolts  a,  a. 
The  bolts  are  turned  to  a  driving  fit,  tapered  slightly,  and  are 
secured  in  position  by  locknuts.  The  brasses  are  adjusted  by 
means  of  the  keys  k,  the  key  in  the  back  end  being  held  in 
place  by  the  setscrew  c,  while  that  in  the  front  end  passes 
through  a  guard  l,  being  secured  in  position  by  a  setscrew  as 
shown.  The  rods  are  provided  with  oil  cups  o,  by  means  of 
which  the  lubricant  is  supplied  to  the  journals.  Liners  (not 
seen  in  the  figure)  made  of  steel  or  wrought  iron  are  inserted 
between  the  keys  and  the  brasses,  the  object  of  which  is  to 
prevent  the  keys  from  cutting  the  softer  metal  of  the  brasses. 
The  back-end  brasses  of  the  main  rod  are  usually  babbitted  in 
recesses  provided  for  that  purpose. 


SIDE    BODS. 

27.  side  rods  are  usually  made  in  the  form  of  plain  rect- 
angular bars  (either  wrought  iron  or  steel)  and  provided  with 
stub  ends,  as  shown  in  Fig.  28  (a).  The  most  modern  practice, 
however,  is  to  make  them  of  steel,  with  an  I  cross-section,  and 
provide  them  with  solid  ends,  instead  of  the  customary  stub 
ends,  as  shown  in  Fig.  28  (6).  The  play,  resulting  from  the 
wear  on  the  brasses  in  the  strap-end  type  rod,  can  be  taken  up 
by  means  of  the  key  it,  while  in  the  solid-end  type  no  pro- 
vision is  made  for  taking  up  wear.     The  brasses  in  the  latter 
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type  are  made  in  one  piece,  turned  to  the  required  diameter, 
and  forced  into  position  under  considerable  pressure;  when 
they  become  worn  they  must  be  replaced  by  new  ones. 

Sometimes  the  side-rod  brasses  are  babbitted,  and  sometimes, 
especially  when  made  of  phosphor  bronze,  they  are  not, 
although  the  better  practice  is  to  babbitt  them,  as  they  are 
then  less  liable  to  heat. 


KETING    UP    RODS. 

28.  Main  Bods. — Before  attempting  to  key  up  the*  front 
end  of  a  main  rod,  move  the  engine  until  the  main  rod  on  that 
side  is  on  the  bottom  quarter,  since,  in  case  the  wristpin  is 
worn,  the  key  will  press  the  brasses  against  the  largest  diameter 
of  the  pin  in  this  position.  Key  up  the  brasses  snugly  against 
the  pin,  but  do  not  key  too  tight.  Also,  be  sure  the  setscrew 
or  other  device  for  holding  the  key  in  position  is  set  firmly 
before  leaving  the  front  end  of  the  rod,  as  otherwise  trouble 
may  result.  To  key  .\ip  the  back  end  of  the  main  rod,  place 
the  engine  on  that  side  on  the  dead  center,  and  key  up  the 
brasses;  the  engine  may  then  be  turned  until  the  main  pin  is 
slightly  forward  of  the  top  quarter,  to  determine  whether  the 
rod  has  been  keyed  up  too  tightly.  With  the  main  pin  just 
forward  of  the  quarter,  the  brasses  will  press  against  what  is 
sometimes  the  largest  diameter  of  the  pin  (should  it  be  worn 
out  of  true),  and  they  should  work  sufficiently  free  in  this 
position  to  avoid  heating  the  pin.  The  brasses  should  never 
be  so  tight  that  they  cannot  be  moved  lengthwise  on  the  pin 
freely  by  hand.  ...    - 

29.  Side  Rods. — Before  keying  up  the  side   rods,  the 

engine  should  be  placed  on  a  straight  piece  of  track  and  the 
wedges  properly  set  up;  the  engine  should  then  be  placed  on 
the  dead  center  on  the  side  that  is  to  be  keyed  up.  Key  the 
main-pin  brasses  first,  then  the  back-end  brasses,  and  the 
front-end  brasses  last;  do  not  key  up  too  snugly,  as  it  is  far 
better  to  have  side- rod  brasses  too  loose  than  too  tight.  After 
keying  up,  try  the  rods  at  each  pin  to  see  if  they  are  perfectly 
free  on  the  pin,  then  place  the  engine  on  the  other  dead  center, 
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and  try  the  rods  again  to  see  if  they  are  still  free  on  the 
pins.  Tighten  all  set  screws  or  jam  nuts,  as  the  case  may  be, 
so  that  the  keys  will  be  held  in  position.  Proceed  in  the  same 
manner  with  the  rods  on  the  opposite  side  of  the  engine.  The 
pins  should  be  closely  watched  the  first  trip  after  keying  up  an 
engine,  and  the  rod  cups  should  feed  freely  to  guard  against 
hot  pins. 

THE  VAIiVE  GEAR. 


FUNCTIONS  OF  THE  TAIiVE  GEAR. 

30.  By  the  valve  srear  of  a  locomotive  is  meant  the 
mechanism  that  moves  and  regulates  the  motion  of  the  steam 
valves,  and,  since  there  are  two  valves,  there  must  be  two  sets 
of  valve  mechanisms,  one  for  each  valve.  In  order  that  a  loco- 
motive may  meet  the  requirements  of  railway  service,  its  valve 
gear  must  be  so  arranged  that  the  locomotive  can  run  back- 
wards or  forwards  with  equal  facility,  and  it  must  provide  a 
means  of  quickly  reversing  the  direction  of  rotation  of  the 
driving  wheels  when  necessary.  Also,  the  mechanism  of  the 
valve  gear  must  be  such  that  the  cut-off  can  be  readily  varied 
by  the  engineer;  that  is,  the  engineer  must  be  able,  by  means  of 
the  valve  gear,  to  admit  steam  into  the  cylinders  for  only  a 
small  part  of  the  stroke,  or  for  nearly  the  whole  length  of  the 
stroke,  as  circumstances  may  require.  One  of  the  most  common 
forms  of  valve  gear  employed  to  perform  these  functions  is  that 
known  as  the  link  motion,  and  the  form  of  link  motion  in 
most  general  use  on  locomotives  is  known  as  Steph.enson'8 
link  motion. 

ASSEMBIiY  OF  PARTS. 

31.  A  view  of  the  right-hand  valve  gear  of  a  locomotive, 
as  it  would  appear  under  the  engine  when  looking  at  it  from  the 
left  side,  is  shown  in  Fig.  29.  Since  the  valve  gear  on  the  left- 
hand  side  of  the  locomotive  is  an  exact  duplicate  of  the  right- 
hand  gear,  with  the  exception  that  they  are  pairs  (i.  e.,  are 
made  rights  and  lefts),  a  description  of  the  latter  will  suffice. 
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In  the  figure,  A  represents  the  driving  axle,  to  which  the 
eccentrics  1  and  S  are  secured;  S  and  4  tct%  the  eccentric  straps; 
B  and  6,  the  eccentric  rods,  or  blades,  as  they  are  sometimes 


'=^.^^^, 


called;  7,  the  link;  8  and  9, 
the  upper  and  lower  rocker- 
arms;  iO,  the  valve  rod,  which 
is  connected  to  the  upper 
ann;  11,  the  link  hanger,  by 
means  of  which  the  link  7  la 
connected  to  the  "  horizontal " 
arm  JZ  of  the  reverse  shaft  IS 
(sometimes  called  the  tumbling 
shaft);  J^,  the  "vertical"  arm 
of  the  reverse  shaft;  15,  the 
reach  rod,  the  latter  being  con- 
nected to  the  reverse  lever  16, 
which  is  situated  in  the  cab 
of  the  engine;  17,  the  reverse 
quadrant;  and  IS,  a  counter- 
balance spring.  The  dotted 
circle  P  shows  the  position  of 
the  main  pin. 


u 
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ECCENTRIC  AND  STRAP. 


THE    ECCENTRIC. 

32.  Function  of  tlie  Eccentric. — It  was  shown  in  Art. 
67,  Part  1,  that  if  a  crank  were  placed  on  the  shaft  of  an 
engine,  and  a  valve  rod  made  to  connect  the  crank  with  the 
slide  vafve,  the  valve  would  be  given  its  proper  to-and-fro 
motion,  and  the  engine  thus  be  made  self-acting.  Of  course, 
a  crank  could  very  readily  be  placed  on  the  end  of  the  shaft 
(as  in  Fig.  5,  Part  1),  but  if  required  to  be  in  between  the 
bearings,  it  would  have  to  be  made  like  K  in  that  figure,  and 
this,  in  view  of  the  small  motion  required  of  the  valve  and  of 
the  relatively  large  diameter  of  shaft,  is  impracticable. 

The  eccentric  is  a  device  employed  to  take  the  place  of  a 
crank  in  such  a  case  as  that  just  mentioned.  The  action  of  an 
eccentric  is  precisely  the  same  as  that  of  a  crank;  in  fact,  the 
eccentric  may  be  said  to  be  a  peculiar  form  of  crank,  in 
which  the  crankpin  is  made  large  enough  to  embrace  the 
shaft,  to  which  it  is  attached.  This  statement  will  be  more 
readily  understood  by  referring  to  Fig.  30.  Views  (a)  and  (6) 
represent  a  crank  in  which  the  shaft  has  been  contracted  at  the 
crankpin  to  form  a  pin  that  is  smaller  in  diameter  than  the 
shaft.  Views  (c)  and  (d)  represent  a  crank  in  which  the  crank- 
pin is  much  larger  than  the  shaft.  In  both  cranks,  however, 
the  center  C  of  the  crankpin  revolves  in  the  circle  Cccc  around 
the  center  s  of  the  shaft  when  the  latter  is  caused  to  rotate. 
Also,  when  the  crankpin  is  large,  as  in  views  (c)  and  (ri),  the 
action  of  the  crank  will  be  the  same  whether  the  shaft  is  offset, 
as  shown  in  (c)  and  by  the  dotted  lines  in  (c),  or  made  straight 
and  secured  to  the  crankpin,  as  in  views  (e)  and  (/),  since  in 
either  case  the  center  C  of  the  crankpin  will  revolve  in  the 
circle  Cccc  around  the  center  8  of  the  shaft.  From  the  fore- 
going it  will  be  seen  that  the  eccentric  £,  view  (^),  is  nothing 
more  nor  less  than  an  enlarged  crankpin  made  separate  from 
the  shaft  and  fastened  in  place  by  some  suitable  means,  and 
that  its  action  is  exactly  the  same  as  that  of  a  crank,  since  its 
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center  C  revolves  around  the  center  «  ot  the  sbalt^  as  ebowu 
by  the  circle  Cccc,  view  (A). 
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33.     Constrnctlon  of  Eccentric. — A  standard  form  of 
eccentric  ifi  shown,  with  strap  removed,  in  Fig.  31,  in  which  («) 


40         STEAM,  CYLINDERS,  AND  VALVE  GEARS.         §8 


is  a  side  view,  and  (6)  a  plan.  Usually,  eccentrics  are  made  of 
cast  iron,  although  cast  steel  is  now  being  used  to  some  extent 
in  their  manufacture,  steel  being  used  in  order  that  a  lighter 
eccentric  may  be  made  without  impairing  its  strength.  Eccen- 
trics are  sometimes  made  in  one  piece,  or  solid,  although  they 
are  generally  made  in  two  pieces,  to  allow  of  their  being 
readily  attached  to,  or  removed  from,  the  axle  in  repairing. 

When  made  in  two  pieces, 
the  parts  are  held  solidly 
together  by  means  of  studs 
and  nuts,  or  studs  with  split 
cotters.  Eccentrics  arc  fas- 
tened to  the  axle  in  vari- 
ous ways;  in  rare  instances, 
simply  by  setscrews;  in 
others,  as  in  the  figure,  by 
a  key  A;  and  setscrews  8,  a; 
and  in  others,  by  saddle 
keys  (having  teeth  on  their 
under  side)  held  in  place 
by  means  of  setscrews,  the 
saddle  key  being  used  to 
avoid  cutting  a  keyway 
in  the  axle.  The  second 
method  is  the  one  now 
most  generally  used,  how- 
ever, as  the  key  prevents  the  eccentric  turning  on  the  axle, 
and  the  setscrews  prevent  motion  lengthwise  of  the  axle. 

The  distance  between  the  center  C  of  the  eccentric  and  the 
center  S  of  the  hole  bored  in  it  to  receive  the  axle  is  called 
the  eccentricity  of  the  eccentric;  in  other  words,  considering 
the  eccentric  as  a  form  of  crank,  the  distance  between  the 
centers  C  and  S  may  be  considered  as  the  length  of  its  crank- 
arm.  The  throw  of  the  eccentric  is  twice  the  distance  between 
C  and  S  (just  as  the  throw  of  a  crank  is  twice  the  length  of  its 
crank-arm),  and  is  in  this  case  equal  to  the  diameter  of  the  circle 
CccCj  Fig.  30.  When  an  eccentric  is  on  a  driving  axle,  its 
throw  may  be  determined  by  measuring  the  least  distance  a, 


((O 


FlO.  81. 


STEAM,  CYLINDERS,  AND  VALVE  GEARS. 


41 


Fig.  31,  and  the  greatest  distance  b,  between  the  axle  and  the 
edge  of  the  eccentric,  and  subtracting  tbe  distance  a  from  the 
distance  b.  The  eccentricity,  of  course,  will  be  just  half  this 
difference. 


ECCENTBIC    STRAP. 

34.    The  eccentric  strap  is   used  as  a  suitable  i 
of  connecting  the  eccentric  with   the  eccentric   rod,  so 


Flo.  w. 
transmit  the  motion  of  the  former  to  the  latter.     Its  duties 
are  the  same  as  those  of  the  straps  on  the  main  rods  or  side 
rods  of  an  engine. 

A  modern  type  of  strap  is  shown  in   Fig,  32,  (a)  being  a 
side  view  and  (6)  a  plan  view.     Eccentric  straps  are  made 
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in  two  parts,  of  cast  iron  or  steel,  and  are  bolted  together,  as 
shown.  The  eccentric  rod  is  securely  bolted  to  the  strap  at  E. 
Provision  is  made  for  an  oil  cup  at  A,  the  strap  being  broken 
away  at  that  point  to  show  the  oil  passage  a  through  it.  At  £, 
a  hole  about  1^  inches  in  diameter  is  drilled  in  the  strap,  as 
shown,  and  another  smaller  hole  b  is  drilled  from  the  inside 
face  of  the  strap  to  meet  it.  The  larger  hole  is  filled  with 
waste  saturated  with  oil,  and  serves  as  another  oiling  device. 
The  metal  of  the  strap  is  broken  away  at  C,  also,  to  show  the 
chamber  X,  intended  as  a  sort  of  oil  cellar.  Oily  waste  is 
introduced  into  the  chamber  by  removing  the  plug  d. 


THB  XJNE. 


FUKCnONS    OT  THB   XJNKs 

35.  The  link  is  a  simple  piece  of  mechanism,  but  yet  is  a 
very  important  part  of  the  valve  gear  of  a  locomotive;  in  fact, 
nothing  has  yet  been  devised  that  will,  on  the  whole,  perform  the 
required  duties  more  satisfactorily  than  the  link.  The  duties 
of  the  link  are  twofold:  first,  it  provides  a  means  of  readily 
reversing  the  engine,  since  by  means  of  it  the  rocker  can  be 
quickly  thrown  under  the  control  of  one  or  other  of  the 
eccentrics;  second,  it  provides  a  means  whereby  the  admission  of 
steam  to  the  cylinders  can  be  readily  cut  off*  at  different 
parts  of  the  stroke. 

CONSTRUCTION    OF   THK    UNK. 

36.  Links  are  sometimes  forged  solid,  in  one  piece,  although 
usually  they  are  of  the  built-up  type  similar  to  that  shown 
in  Fig.  33,  in  which  (a)  is  a  side  view;  (6),  a  front  view; 
(c),  a  horizontal  section  through  the  middle  of  the  link,  the 


*  In  locomotives,  steam  is  not  admitted  to  the  cylinders  during  the 
fall  length  of  the  stroke,  but  is  admitted  during  a  part  of  the  stroke 
only,  the  supply  being  cut  off  at  some  point  of  the  stroke  by  the  slide 
valve  closing  the  steam  port.  Steam,  therefore,  is  said  to  be  "cut  off*' 
when  the  steam  port  is  closed  by  the  valve,  and  the  point  of  cut-off  is 
the  point  of  the  stroke  at  whicli  the  port  is  closed* 
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upper  half  being  removed;  and  {d),  a  view  of  the  forward  end/ 
of  the  eccentric  rod,  showing  how  it  is  forked  to  Bpan  the  link, 
to  which  it  ia  attached  by  the  bolte  a  or  b.     The  faces  of  the 


^ 


two  parts  of  the  link  L  are  shaped  bo  as  to  make  a  curved  slot 
in  which  slides  the  link  l>lock.  This  block  (made  bp  of 
parts  1,  S,  and  S)  is   attached  to  the    lower    rocker-arm   S 
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(marked  9,  Fig.  29)  by  means  of  the  pin  bolt  P  and  the  nut 
n,  the  link  block  being  free  to  turn  on  the  pin.  The  curved 
line  a:  2/,  drawn  through  the  center  of  the  slot,  is  called  the 
link  arc.  This  link  arc  is  part  of  a  circle,  and  the  radius 
of  the  link  is  equal  to  the  radius  of  this  circle.  The  radius 
of  the  link  is  generally  taken  equal  to  the  distance  between 
the  centers  of  the  link-block  pin  and  the  eccentric  when  the 
engine  is  in  full  gear,  in  which  position  the  link-block  pin  is 
directly  opposite  the  end  of  the  eccentric  rod. 

The  link  is  curved  for  the  purpose  of  making  the  valve  move 
equal  distances  on  both  sides  of  its  center  position,  regardless  of 
the  position  of  the  link.  The  length  of  the  link  is  taken  as  the 
distance  between  the  centers  of  the  link-block  pin  when  the 
block  is  in  its  two  extreme  positions  in  the  link.  A  cross- 
piece  5,  called  the  link  saddle,  spans  the  inside  face  of  the 
link,  and  is  fastened  to  it  by  the  bolts  c,  d,  A  pin  «,  called 
the  saddle  pin,  is  made  solid  with  the  link  saddle,  and  is 
turned  up  to  a  free  fit  for  the  link  hanger  if,  by  which  the  link 
is  carried. 


THE   ROCKER. 

37.  The  slide  valves  of  a  locomotive  are  usually  placed  on 
the  top  of  the  cylinders,  while  the  eccentrics  are  placed  below 
the  boiler  between  the  frames,  so  that  it  is  impossible  to  obtain 
a  straight  connection  between  the  eccentric  rods  and  the  valve 
stem.  The  connection  is  therefore  made  by  means  of  a 
rocker,  Fig.  34,  having  two  arms  called  rocker-armSy  attached 
to  a  short  shaft  called  a  rocker-ahaft.  In  the  figure,  8  is  the 
upper,  and  9  the  lower,  rocker-arm;  S  is  the  rocker-shaft,  and 
B  the  rocker-box.  The  rocker  as  a  whole  is  held  in  position  by 
the  rocker-box,  but  the  rocker-shaft  is  free  to  turn  in  the  box. 
The  valve  stem  is  connected,  by  means  of  the  valve  rod,  to  the 
upper  rocker-arm  at  F,  while  the  end  R  of  the  lower  arm 
connects  with  the  link  block;  hence,  any  movement  given  to  the 
end  R  of  the  low^er  arm  by  the  eccentrics  will  be  transmitted 
to  F  of  the  upper  arm,  but  the  direction  of  motion  will  be 
reversed.     For  instance,  while  the  eccentrics  are  causing  the 
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end  Ji  to  move  from  right  to  left,  the  end  V  is  moving  the  slide 
valve  from  left  to  right;  whereas,  if  the  valve  were  connected 
directly  to  the  eccentrics,  the  valve  would  be  moved  from  right 
to  left  aleo.     However,  by  placing  the  eccentrics  in  their  proper 


positions  on  the  axle  (in  relation  to  the  crankpin),  this  reversal 
of  motion  can  be  compensated  for,  and  the  valve  will  receive 
the  required  motion  for  admitting  sleam  to,  and  exhausting 
it  from,  the  cylinder  at  the  right  time. 


THE  TUMBLING  SHAFT. 

38.  In  order  that  a  locomotive  may  be  reversed,  it  is 
necessary  that  means  be  provided  for  raising  and  lowering  the 
links.  This  is  accomplished  by  means  of  a  shaft,  called  a 
tamblinK  sliaft,  aituatcd  by  the  reverse  lever  situated  in  the 
cab.  The  tumbling  shaft  ia  illustrated  in  Fig.  35,  in  which  the 
horizontal  arms  (often  called  the  lifting  arras)  of  the  shaft  are 
marked  J2,  and  the  shaft  itself  J3.  It  will  be  observed  that 
there  are  two  horizontal  arms,  each  arm  being  connected  by  a 
link  hanger  to  the  link  on  its  side  of  the  engine.  The  vertical 
arm  14  (often  called  the  reversing  arm)  is  connected,  by  means 
of  the  reach  rod  15,  to  the  reverse  lever;  hence,  by  moving 
the  reverse  lever  in  the  proper  direction,  the  engineer  can  either 
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raise  or  lower  the  horizontal  arme  12,  and  thus  raise  or  lower 
the  links  to  which  they  are  attached.     A  counterbalance  spring 


no.  n. 

DifTerent  types  of  counterbalance  springs  are  used  on  ei^nes, 
but  whatever  their  type,  their  function  is  the  same,  namely, 
to  counterbalance  the  weight  of  the  links  and  hangers. 


OPEItATION  OP  THE  TALTB  GBAB. 


BETEB9IKO    THE    ENODTE. 

39.  By  referring  to  Fig.  29,  it  will  be  seen  that  one  eccen- 
tric rod  S  is  connected  to  the  top  end,  and  the  other  6  to  the 
bottom  end,  of  the  link.  The  eccentric  of  the  rod  marked  5  is 
so  set  on  Ihe  driving  axle  (relative  to  the  main  pin)  as  to  cause 
the  forward  movement  of  the  engine;  hence,  it  is  called  the 
forward -mot  Ion,  or  |ro-ahead,  eccentric;  the  eccentric  of  the 
rod  marked  6  is  so  set  as  cause  the  backward  movement,  and, 
consequently,  is  called  the  back  ward -motion,  or  baok-op, 
eccentric.  The  link  block  being  connected  to  the  lower  rocker- 
arm  9,  remains  stationary  with  respect  to  the  rocker,  but  the 
link  can  either  be  raised  or  lowered  from  its  mid-position  by 
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means  of  the  tumbling  shaft  operated  by  the  reverse  lever. 
When  the  reverse  lever  is  moved  to  the  forward  comer  (as  far 
forward  on  the  quadrant  17  as  possible),  the  tumbling  shaft  is 
moved  so  as  to  lower  the  link  to  the  position  shown  in  Fig.  29, 
in  which  position  the  link  block  is  directly  opposite  the  end  of 
the  go-ahead  eccentric  rod  5  and  receives  its  motion  direct  from 
that  rod,  consequently  it  moves  with  the  rod.  The  movement 
thus  given  to  the  rocker  causes  the  slide  valve  to  admit  steam 
to,  and  exhaust  steam  from,  the  cylinder  in  such  a  manner  as 
to  make  the  engine  move  forwards.  When  the  reverse  lever  is 
placed  in  the  back  comer  (the  position  shown  by  the  dotted 
lines  1&\  Fig.  29),  the  link  is  raised  until  the  end  of  the  back- 
up eccentric  rod  is  directly  opposite  the  link  block.  The  rocker 
then  receives  its  motion  direct  from  the  back-up  eccentric,  so 
that  the  slide  valve  is  caused  to  reverse  its  motion  and  admit 
steam  to,  and  exhaust  it  from,  the  cylinder  in  such  a  manner 
as  to  make  the  engine  move  backwards. 

When  the  reverse  lever  is  in  the  forward  comer  and  the  link 
block  is  in  a  position  opposite  the  end  of  the  go-ahead  eccentric 
rod,  as  in  Fig.  29,  the  engine  is  said  to  be  in  fall  grear  for- 
ward; when  the  reverse  lever  is  in  the  back  comer  and 
the  link  block  is  opposite  the  end  of  the  back-up  eccentric  rod, 
the  engine  is  said  to  be  in  full  g^ear  backward.  When  the 
reverse  lever  is  moved  to  the  middle  position  (marked  16\ 
Fig.  29),  the  link  is  raised  until  the  link  block  is  at  the  middle 
point  of  the  link  and  midway  between  the  ends  of  the  go-ahead 
and  back-up  eccentric  rods.  In  this  position  the  engine  is 
said  to  be  in  mid-g^ear.  II  the  link  block  is  half  way  between 
mid-gear  and  full  gear,  the  engine  is  said  to  be  in  half  gear 
forward  or  backward,  depending  on  whether  the  block  is  above 
or  below  mid-position. 

CHANGING    THE    POINT    OF    CUT-OFF. 

40.  The  point  of  the  stroke  at  which  steajn  is  cut  oflf  from 
the  cylinders  (called  the  point  of  cut-off)  is  a  very  important 
point,  since  the  economy  with  which  the  engine  uses  its  steam 
depends,  to  a  great  extent,  on  tlmt  point.  The  cylinders  of  a 
locomotive  are  made    sufficiently   large  to    fully   utilize  the 
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adhesive  power  that  is  exerted  between  the  driving  wheels  and 
the  rails,  in  order  tliat  the  full  adhesive  power  of  the  locomo- 
tive may  be  used  in  starting  heavy  trains  and  at  other  times 
when  necessary.  On  account  of  this,  when  the  engine  is  work- 
ing at  less  than  full  load,  the  cylinders  would  be  too  large  for 
the  work  they  are  to  do,  were  it  not  for  the  provision  that  is 


(o) 


r»; 


FlQ.  86. 


made  for  varying  the  point  at  which  steam  can  be  cut  oflf  from 
the  cylinders. 

The  point  of  cut-off  can  be  altered  by  changing  the  travel  of 
the  valves;*  the  travel  of  the  valve  can  be  altered  by  means  of 
the  reverse  lever,  moving  the  link  either  from  full  gear  toward 

*The  travel  of  the  valve  in  the  total  distance  the  valve  movea  in 
ritlier  direction  of  its  BtrokeR,  that  is,  it  is  tiie  total  distance  traveled 
by  the  valve  from  the  time  the  valve  changes  its  direction  of  motion  to 
)uuke  the  forward  stroke  until  it  changes  its  direction  on  the  return  stroke. 
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mid-gear  or  from  mid-gear  toward  full  gear;  hence,  moving 
the  links  either  toward  full  gear  or  toward  mid-gear  alters  the 
point  of  cut-oflf. 

The  motion  that  the  link  derives  from  the  eccentrics  is  some- 
what complex.  Being  suspended  by  the  link  hanger  11^ 
Fig.  29,  the  link  is  made  to  oscillate  about  the  saddle  pin  j), 
as  shown  in  view  (a),  Fig.  36,  while  at  the  same  time  it  also 
swings  like  a  pendulum  on  the  link  hanger,  this  latter  move- 
ment making  the  link-block  pin  move  in  the  arc  of  a  circle  a 
short  distance  on  either  side  of  its  center  position,  as  indicated  in 
view  (6),  Fig.  36.  Now,  if  the  valve  gear  were  to  be  placed 
in  mid-gear,  the  link-block  pin,  and  hence  the  end  of  the  lower 
rocker-arm,  would  travel  back  and  forth  a  distance  equal  to 
that  between  the  points  e  and  /,  view  (6),  and  the  slide  valve 
would  be  moved  back  and  forth  on  its  seat  a  corresponding 
distance.  If  the  valve  gear  were  to  be  placed  in  full  gear 
(either  forwards  or  backwards),  the  link-block  pin  and,  hence, 
the  end  of  the  lower  rocker-arm,  would  travel  back  and  forth  a 
distance  equal  to  that  between  the  points  a  and  6,  which, 
neglecting  the  slip  of  the  link  block  in  the  link,  is  equal  to  the 
throw  of  the  eccentric,  and  the  slide  valve  would  be  moved  on 
its  seat  a  corresponding  distance.  If  the  valve  gear  were  to 
be  placed  in  half  gear  (either  forwards  or  backwards),  the 
link-block  pin  and  the  end  of  the  lower  rocker-arm  would  move 
back  and  forth  a  distance  equal  to  that  between  the  points  c 
and  d,  and  the  valve  would  have  a  corresponding  travel  on 
its  seat.  It  will  thus  be  seen  that:  when  the  engine  is  in 
mid-gear  the  valve  will  have  the  least  travel;  the  valve  travel 
will  be  increased  by  moving  the  reverse  lever  toward  either 
corner,  or  decreased  by  moving  it  toward  mid-gear;  and  the 
travel  of  the  valve  is  greatest  when  the  engine  is  in  full  gear; 
hence,  moving  the  reverse  lever  toward  the  comer  increases  the 
cut-off,  while  moving  it  toward  the  center  of  the  quadrant 
(hooking  her  up),  decreases  the  cut-off.  It  will  be  observed, 
also,  that  with  the  link  block  in  any  position  in  the  link 
above  mid-position,  the  engine  will  move  forwards;  while 
with  the  link  block  below  mid-position,  the  engine  will  run 
backwards. 
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SUDE  VALVES. 


THE    ORUrWART   I>   VALVE. 

QBNBBAL    DBSCRIPTION. 

4 1 .    Constmctloo. — A  Bcction  ol  a  D  elide  valve  is  shown  in 
Fig.  37  in  its  central  position,  that  is,  in  such  a  position  that  the 
center  line  of  the  valve  coincides  with  the  center  line  of  the 
exhaust  port  c  in  its  seat.    A  similar  valve  is  illustrated  in  Fig.  4, 
Part  1,  and  its  ac- 
tion is  clearly  ex- 
plained.   However, 
if    the    two  valves 
just   mentione<i    l>e 
compared  it  will  I>e 
f  observed  tlint  they 
differ  somewhat  in 
[  construction.        It 
will    be    observed 
''"■"■  that  the  flanges  1 

and  1  of  the  elide  valve  illustrated  in  Fig.  4,  Part  1,  are  of  the 
same  width  as  the  steam  ports  a  and  b  in  the  valve  seat;  hence, 
wh(n  the  valve  is  in  mid-gear  these  flanges  just  coverthe  porta. 
Now,  referring  tn  the  series  of  diagrams  in  Art.  58,  Part  1,  it 
will  be  seen  that  a  valve  like  that  just  referred  to  admits  steam 
to  the  cylinder  for  the  full  length  of  the  stroke;  consequently, 
there  is  no  "cut-off,"  and,  hence,  no  expansion  of  the  steam. 
Using  eteam  for  the  full  stroke  is  a  very  wasteful  practice;  it 
has  been  found  that,  among  other  advantages,  a  considerable 
saving  ill  coal  can  be  effected  by  admitting  steam  to  the  cylin- 
ders for  a  part  of  the  stroke  only,  and  then  cutting  off  the 
supply,  allowing  the  steam  in  the  cylinder  to  expand  during 
the  remainder  of  the  stroke.  When  this  latter  practice  is 
followed  the  steam  is  said  to  be  used  expansively. 

As  is  well  known,  steam  is  used  expansively  in  locomotive 
service,  but  in  order  to  do  so  the  slide  valve  used  must  be  mad^ 
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of  different  proportions  (relative  to  the  arrangement  of  the 
ports)  from  that  shown  in  Fig.  4,  Part  1.  A  locomotive  slide 
valve  is  shown  in  Fig.  37;  it  will  be  seen  that  the  flanges  are 
made  considerably  wider  than  the  width  of  the  ports  a  and  6, 
instead  of  being  of  the  same  width  as  in  the  valve  just 
referred  to.  The  inside  edges  have  only  been  slightly  extended, 
so  that  the  valve  overlaps  the  bridges  but  a  small  amount; 
the  outside  edges  of  the  flanges,  on  the  otlier  hand,  have  been 
extended  until  the  flanges  overlap  the  ports  considerably. 

42,  liap  and  Clearance. — The  amount  y  or  z  that  the 
valve,  when  in  mid-position,  overlaps  the  bridges  e  and  /  is 
called  the  Inside  lap  of  the  valve;  the  amount  w  or  x  that  the 
valve  overlaps  on  the  outside  is  either  called  the  outside  lap, 
the  steam  lap,  or  simply  the  lap.  The  object  of  giving  a 
valve  outside  lap  is  to  enable  the  engine  to  work  steam  expan- 
sively. After  cut-off  occurs,  the  steam  in  the  cylinder  is 
allowed  to  expand  until  the  valve  travels  a  distance  equal  to  the 
sum  of  the  inside 
and  outside  lap, 
whereupon  the 
valve  connects  the 
steam  port  with 
the  exhaust  port, 
and  release  occurs. 
Inside  lap,  it  will 
be  seen,  delays  the 
exhaust  of  steam 
and  increases  the 
compression;  hence,  high-speed  engines  usually  have  no  inside 
lap.  as  it  would  create  too  great  a  back  pressure  on  the  piston. 

The  slide  valve  shown  in  Fig.  4,  Part  1  has  neither  inside 
nor  outside  lap;  that  shown  in  Fig.  37  has  both  inside  and  out- 
side lap.  The  valves  on  some  engines  have  outside  lap,  but  no 
inside  lap — the  inner  edge  of  the  valve  in  that  case  being  flush 
with  the  inner  edge  of  the  steam  port,  as  in  Fig.  4,  Part  1.  On 
other  engines,  the  inner  edge  of  the  valve  is  cut  away  so  that 
there  is  a  space  between  the  edge  of  the  valve  and  the  edge  of 


Fig.  88. 
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the  port  when  the  valve  is  in  raid-position,  as  shown  in  Fig.  38. 
This  space,  raarked  u,  is  called  the  inside  clearance,  or 
simply  the  clearance  of  the  valve.  The  effect  of  clearance  is 
the  reverse  of  that  produced  by  inside  lap;  in  other  words, 
it  makes  the  release  occur  earlier,  and  compression  later,  in 
the  stroke. 


EVENTS    OF   THE    STROKE. 

43.  The  Events  Defined. — ^The  action  of  a  slide  valve 
without  inside  or  outside  lap  was  illustrated  in  Fig.  6,  Part  1, 
by  a  series  of  skeleton  diagrams.  A  valve  of  this  kind  is  in 
mid-position*  when  the  engine  is  on  the  dead  center,  and  06, 
which  represents  the  valve  crank  or  eccentric  crank-arm,  is 
therefore  placed  at  light  angles  to,  or  *' square"  with,  the  main 
crank  Oa  (see  diagram  A),  If,  however,  lap  is  added  to  the 
valve,  the  relative  position  of  the  eccentric  crank-arm  and  the 
main  crank  has  to  be  changed,  resulting  in  a  different  relative 
motion  of  valve  and  piston.  Lap  also  causes  the  steam  port  to 
be  closed  before  the  piston  reaches  the  end  of  its  stroke,  and  it 
brings  about  certain  other  events  at  different  points  of  the  valve 
stroke,  these  events  being  designated  by  the  terms  admiasionj 
cut-off^  rdeasej  and  compression. 

Admission,  the  point  of  the  stroke  at  which  steam  is 
admitted  to  the  cylinder,  takes  place  at  about  the  instant  the 
piston  commences  its  stroke  (sometimes  sooner,  sometimes 
later),  and  it  occurs  when  the  outside  edge  of  the  valve  is  at 
the  outside  edge  of  the  steam  port,  and  is  moving  to  open 
the  port. 

Cut-off,  the  point  at  which  the  admission  of  steam  to  the 
cylinder  is  stopped,  takes  place  when  the  valve  arrives  at  the 
same  position  as  above,  but  is  moving  to  close  the  port.  When 
at  either  admission  or  cut-off,  the  valve  is  displaced  from  its 
mid-position  a  distance  equal  to  the  lap  of  the  valve;  hence, 
when  the  travel  of  the  valve^from  the  mid-position  is  equal 
to  the  lap,  the  engine  is  either  at  admission  or  at  cut-off. 


^Actually,  it  is  not  quite  in  nnd-position,  due  to  the  angularity  of 
the  eccentric  rod. 
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Helease,  the  point  at  which  steam  begins  to  exhaust  from 
•  the  cylinders,  occurs  when  the  inside  edge  of  the  valve  is  at 
the  inside  edge  of  the  exhaust  port,  and  the  valve  is  opening 
to  exhaust 

Compression,  the  point  at  which  the  exhausting  of  the 
steam  is  stopped,  occurs  when  the  valve  arrives  at  the  position 
just  mentioned,  but  is  moving  to  close  the  port.  At  either 
release  or  compression,  the  valve  is  displaced  a  distance  from 
mid-position  equal  to  the  inside  lap  of  the  valve;  hence,  when 
the  displacement  of  the  valve  is  equal  to  the  inside  lap,  the 
engine  is  either  at  release  or  compression. 

Besides  these  four  principal  events,  there  are  two  other  events 
of  interest — the  points  at  which  the  exhaust  port  and  steam 
port  are  open  their*  full  amount.  ^ 

In  order  to  better  explain  the  effects  of  lap  on  the  operation 
of  an  engine,  a  series  of  skeleton  diagrams  of  a  slide-valve 
engine  having  lap  will  be  given,  showing  the  relative  positions 
of  the  piston,  valve,  etc.  at  the  instant  the  events  take  place 
during  a  stroke  of  the  engine.  In  these  diagrams,  as  in  those 
of  Fig,  6,  Part  1,  the  main  crank-arm  and  the  eccentric  crank- 
arm  have  purposely  been  made  longer  than  they  should  be,  in 
order  that  the  diagrams  may  be  clearer. 

44.  Admission,  Front  iCnd. — The  diagram  shown  in 
Fig.  39  represents  th6  engine  on  the  dead  center,  and  just 


Fio.  39. 


on  the  point  of  beginning  the  outward  stroke.  The  piston  is 
at  tly  front  end  of  the  cylinder,  aud  is  about  to  move  in  the 
direction  indicated  by  the  arrow.  The  slide  valve,  it  will  be 
seen,  is  not  in  its  mid-position,  but  is  a  distance  beyond  it 
equal  to  the  lap,  its  front  edge  being  at  the  edge  of  the  front 
steam  port.     In  this  position,  the  valve  is  just  on  the  point  of 
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opening  the  port  for  admission  of  steani  to  the  front  end  of 
the  cylinder;  hence,  the  diagram  illustrates  the  point  of  admis- 
sion. When  lap  is  employed,  it  is  seen  that  the  valve  must 
have  moved  forward  a  distance  equal  to  the  lap  by  the  time 
the  piston  rea,ches  the  end  of  stroke,  since,  otherwise,  steam 
would  not  be  admitted  into  the  cylinders  until  some  time  after 
the  piston  had  begun  its  stroke,  and  a  considerable  loss  of 
power  would  result. 

Since  the  valve  has  been  moved  forwards  from  its  mid- 
position,  the  eccentric  arm  Ob  must  be  moved  forwards  a 
corresponding  distance  from  its  right-angle  position  0  e  also,  or 
to  the  position  shown  in  the  figure.  The  angle  eOb  through 
which  the  eccentric  crank-arm  has  been  advanced  is  called  the 
smgle  of  advance. 

45.  Steam  Port  Wide  Open  to  !Exliaiist. — If  the  engine 
is  moved  oflf  the  dead  center,  steam  will  enter  the  front  end  of 
the  cylinder  and  start  the  engine  moving,  as  indicated  by  tlie 
arrows.  Fig.  40  shows  the  position  of  the  piston  and  slide 
valve  when  the  engine  has  moved  around  sufficiently  to  cause 


Fig.  40. 


the  slide  valve  to  open  the  steam  port  full  to  the  exhaust.  To 
thus  open  the  port  wide,  the  crankpin  a  has  had  to  move  through 
the  distance  /a,  and  the  eccentric  center  b  through  the  dis- 
tance g  b\  In  this,  position  of  the  valve,  steam  is  still  entering 
the  front  end  of  the  cylinder  and  forcing  the  piston  along, 
while  the  exhaust  steam  in  the  back  end  of  the  cylinder  is. 
exhausting  to  the  atmosphere,  as  indicated  by  the  arrow.  The 
piston  and  slide  valve  are  still  moving  in  the  same  direction. 
Fig.  39  shows  that  the  steam  port  is  nearly  wide  open  to  the 
exhaust  at  the  beginning  of  the  stroke,  while  Fig.  40  shows  that 
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it  is  opened  wide  very  shortly  after  the  beginning  of  the  stroke, 
BO  that  the  opening  to  the  exhaust  is  greatest  when  most  needed.. 

46.  Steam  Port  Wide  Open  for  Admission. — Fig.  41 
shows  the  position  of  the  parts  when  the  valve  has  opened  the 
front  steam  port  the  full  amount.  In  moving  to  this  position, 
the  main  crank  has  moved  through  the  distance  /  a,  and  the 
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eccentric  through  the  distance  gby  Of  and  Og  being  their  posi- 
tions when  the  back  steam  port  was  wide  open  to  the  exhaust, 
Fig.  40.  The  piston  is  still  moving  in  the  same  direction,  but 
the  slide  valve  has  reached  the  end  of  its  stroke  and  is  just  on 
the  point  of  having  its  motion  reversed  by  the  eccentric.  Also, 
it  will  be  noticed  that  the  back  end  of  the  cylinder  is  still  wide 
open  to  the  exhaust. 

47.  Cut-Off. — Fig.  42  marks  the  second  important  point 
of  the  stroke,  namely,  the  cut-off.  The  slide  valve,  it  will  be 
seen,  has  traveled  sufficiently  on  its  return  stroke  to  close 
the  steam  port  for  admission;  hence,  the  supply  of  steam  is  cut 
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oft  from  the  cylinder,  and  during  the  remainder  of  the  piston's 
stroke  the  steam  in  the  cylinder  is  allowed  to  expand — at  least 
until  the  port  opens  to  exhaust.  The  back  end  of  the  cylinder, 
however,  is  still  open  to  the  exhaust.  In  moving  to  this  posi- 
tion, the  crank  and  eccentric  have  moved  through  the  distances 
fa  and  g  b,  respectively. 
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48.  Compression. — Fig.  43  marks  the  third  important 
event  that  occurs  during  a  stroke.  In  this  position  the  inside 
edge  of  the  valve  just  closes  the  back  steam  port  to  exhaust, 
and  for  the  remainder  of  the  stroke  the  exhaust  steam  that  is 
trapped  in  the  back  end  of  cylinder  is  compressed  by  the 
piston.  This  point  of  the  stroke  is  called  the  point  of  com- 
pression.    It  will  be  observed  that  both  steam  ports  are  now 


Fig.  48. 


covered  by  the  valve;  also  that  the  piston  is  nearing  the  end  of 
the  outward  stroke.  The  crank  and  eccentric  have  moved 
through  the  distances  fa  and  g  b, 

49.  Release. — Still  another  important  event  of  the  stroke 
is  indicated  in  Fig.  44.  In  order  to  reach  this  position,  the 
crank  and  eccentric  have  had  to  move  through  the  distances 
indicated  (fa  and  gb)y  bringing  the  front  inside  edge  of  the 
valve  in  line  with  the  inside  edge  of  the  front  steam  port. 
A  slight  movement  of  the  valve  to  the  left  will  open  the  front 
port  so  that  the  steam  in  the  front  end  of  the  cylinder  will 
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pass  to  the  exhaust.  This  point  of  the  stroke  is  therefore 
called  the  release.  The  effective  pressure  of  the  steam  against 
the  face  of  the  piston  is  supposed  to  cease  as  soon  as  release 
occurs,  but,  owing  to  the  fact  that  the  steam  in  the  cylinder 
cannot  escape  to  the  atmosphere  instantly,  there  is  a  slight  but 
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decreasing  pressure  exerted  on  the  piston  during  the  remainder 
of  the  stroke. 

50.  Admission,  Back  End. — In  Fig.  45  the  piston  has 
reached  the  end  of  its  outward  stroke,  and  is  about  to  begin  the 
return  stroke.  The  back  outside  edge  of  the  valve  is  in  line 
with  the  outside  edge  of  the  back  steam  port;  hence,  any 
movement  of  the  valve  to  the  front  (i.  e.,  to  the  left  in  the 
figure)  will  admit  steam  to  the  back  end  of  the  cylinder,  a,Tn\ 
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thus  force  the  piston  towards  the  front  end.  The  front  port  is 
nearly  wide  open  to  the  exhaust,  so  that  the  steam  in  that  end 
of  the  cylinder  is  still  passing  out  to  the  atmosphere.  The 
crank  and  eccentric  have  moved  through  the  distances  fa  and 
gb,  which  brings  them  diametrically  opposite  the  positions 
they  occupied  in  Fig.  39. 

5 1 .    The  Otlier  Events  of  the  Return  Stroke. — During 

the  return  stroke  the  events  take  place  in  the  same  order  as 
on  the  outward  stroke;  that  is,  when  the  piston  has  moved  along 
sufficiently  to  cause  the  slide  valve  to  finish  its  stroke  to  the 
front  and  return  on  its  back  stroke  to  the  position  shown  in 
Fig.  45,  cut-off  will  take  place.  As  the  piston  moves  still 
farther  to  the  front,  the  front  inside  edge  of  valve  will  again  be 
in  line  with  the  inside  edge  of  the  front  steam  port;  hence,  this 
port  will  be  closed  to  the  exhaust  and  compression  will  occur. 
As  the  piston  proceeds  on  its  stroke,  the  back  inside  edge  of  the 
valve  comes  in  line  with  the  inner  edge  of  the  back  steam 
port,  and  release  takes  place.  When  the  valve  moves  back- 
wards (i.  e.,  to  the  right)  far  enough  for  the  front  outside  edge 
of  the  valve  to  come  in  line  with  the  outside  edge  of  the 
front  port,  admission  occurs  at  the  front  end. 
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EFFECTS    OF    CHANGING    THK    L.AP. 

52.  Outside  Ijap. — Changing  the  amount  of  outside  lap 
on  a  valve  produces  changes  in  the  distribution  of  the  steam 
that  can  best  be  understood  after  a  careful  study  of  the  dia- 
grams. For  example,  it  is  evident  that  if  the  outside  lap  in 
Fig.  42  had  been  less  than-  it  is,  the  valve  would  not  close  the 
front  port  when  its  eccentric  was  in  the  position  shown;  conse- 
quently, the  piston  would  have  to  move  farther  back  before 
the  valve  would  be  moved  far  enough  ahead  to  close  the  port. 
This  would  make  the  cut-oflf  occur  later  in  the  stroke,  and  thus 
lessen  the  period  of  expansion.  On  the  other  hand,  it  will  be 
seen  that  if  the  valve  had  more  lap,  it  would  overlap  the  port 
when  the  eccentric  was  in  the  position  shown;  this  would 
cause  the  valve  to  cut  off  earlier  in  the  stroke,  and  the  period  of 
expansion  would  be  longer.  Thus,  it  will  be  seen  that  increasing 
the  outside  lap  brings  about  an  earlier  cut-off  and  increases  the 
expansion,  while  decreasing  the  outside  lap  makes  the  cut-off 
later  and  lessens  the  expansion. 

53.  Inside  liap. — Changing  the  inside  lap  affects  the 
compression  and  release.  From  Fig.  43  it  will  be  evident  that 
if  the  inside  lap  had  been  made  less,  the  back  steam  port 
would  not  have  been  closed  so  soon  to  the  exhaust;  conse- 
quently, the  compression  would  have  begun  later  in  the  stroke. 
Had  the  inside  lap  been  made  greater,  the  valve  would  have 
closed  this  port  sooner;  hence,  compression  would  have  begun 
earlier  in  the  stroke.  From  Fig.  44  it  will  be  seen  that  redu- 
cing the  inside  lap  causes  the  valve  to  release  the  steam  earlier 
in  the  stroke;  whereas,  by  increasing  the  inside  lap  the  valve 
will  not  uncover  the  port  until  it  has  moved  a  greater  distance 
on  its  stroke,  and  hence  release  will  take  place  later.  It  will 
be  seen  from  the  above  that  increasing  the  inside  lap  causes 
the  compression  to  begin  earlier  and  the  release  to  take  place 
later  in  the  stroke.  On  the  other  hand,  reducing  the  inside 
lap  causes  the  compression  to  begin  later  and  the  release  to 
take  place  earlier  in  the  stroke. 
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54.  T*oa<l  DeRned. — Thus  far  in  treating  of  the  elide- 
valve  engine,  the  iiioveiiient  of  the  slide  valve  relative  to  the 
liiiiton  has  alwaya  tiecn  snch  that,  with  the  engine  on  a  dead 
center  and  the  piston  ahout  to  reverse  ita  motion,  the  valvo  is  on 
the  point  of  opening  the  steam  port  to  admission,  as  in  Fig.  39. 
On  some  locomotives,  however,  the  valve  bo  moves  relatively 


to  the  piston-that'the  steam  port  is  open  a  small  amount  by 
the  time  the  piston  is  at  the  end  of  Us  stroke;  that  is,  instead 
of  the  valve  being  just  at  the  edge  of  the  port,  as  shown  in 
Fig,  39,  it  has  moved  from  Vi  '<*  iV  ^"ch  farther  from  it«  mid- 
position,  thus  opening  the  steam  port  that  amount.  (These 
amonnta  are  for  full  gear;  the  lead  increases  as  the  engine  is 
hooked  up.) 

When  the  steam  port  is  open  a  small  amount  at  the  begin- 
ning of  the  stroke,  the  valve  is  said   to  liave  lead,  Buch  a 
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case  being  shown  in  Fig.  46,  where  it  will  be  noticed  the  piston 
is  at  the  beginning  of  its  stroke,  and  about  to  move  to  the  rear, 
while  the  slide  valve  has  moved  beyond  its  mid-position  so  as  to 
open  the  port  a  distance  x.  The  distance  x  is  called  the  lead 
of  the  valve.  Since  the  valve  has  had  to  be  moved  a  little 
towards  the  back  end,  in  order  to  give  it  lead,  it  is  evident  that 
the  eccentric  must  be  moved  in  the  same  direction  on  the  axle 
(supposing  there  were  no  rocker);  that  is,  to  give  a  valve  lead, 
the  angle  of  advance  must  be  increased. 

55.  Effects  of  Ijap  and  liead  on  the  Position  of  the 
Eccentrics. — By  referring  to  the  diagrams  in  Fig.  6,  Part  1, 
it  will  be  seen  that  when  the  slide  valve  has  neither  lap  nor 
lead,  the  eccentric  will  make  an  angle  of  90**  with  the  crank. 
From  Fig.  39,  it  will  be  seen  that  if  the  valve  has  lap,  the  angle 
that  the  eccentric  makes  with  the  crank  will  be  greater  than  90°, 
while  if  the  valve  has  both  lap  and  lead,  the  angle  must  be  made 


Fig.  47. 


still  greater.  By  referring  to  Fig.  39,  it  will  be  seen  (by  following 
the  direction  of  the  arrows)  that  the  crankpin  a  is  following  the 
eccentric  pin  b]  hence,  when  (as  in  Fig.  39)  a  rocker  is  not  used, 
the  eccentric  must  be  set  90^  plus  the  angle  of  advance  ahead 
of  the  crank,  in  order  to  give  the  slide  valve  the  proper  relative 
motion.  When  a  rocker  similar  to  that  in  Fig.  47  is  used,  the 
valve  rod  /  e  and  eccentric  rod  d  b  move  in  opposite  directions. 
Consequently,  to  give  the  valve  the  proper  motion,  the  eccen- 
tric, instead  of  being  placed  90°  plus  the  angle  of  advance 
ahead  of  the  crank  (at  06',  Fig.  47),  must  be  placed  90°  minus 
the  angle  of  advance  behind  the  crank,  namely  at  06,  Fig.  47. 
In  other  words,  the  eccentric  must  be  moved  around  on  the  axle 
until  it  is  in  a  position  diametrically  opposite  the  position  it 
would  occupy  were  the  rocker  not  used.     As  the  rotation  of 
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the  driving  wheels  of  a  locomotive  when  running  forwards  is 
the  opposite  of  that  indicated  by  the  arrow  in  Fig.  47,  the  go- 
ahead  eccentric,  in  being  placed  90^  minus  the  angle  of  advance 


Fio.  48. 

behind  the  crank,  will  occupy  the  position  06  in  Fig.  48; 
if  there  were  no  rocker,  it  would  be  at  0  6'.  The  back-up 
eccentric  will  be  placed  90^  minus  the  angle  of  advance  ahead 
of  the  crank. 

56.     Relative  Position  of  Eccentrics  and  Main  Pin. 

It  is   very    important    that    the    position    of    the    eccentrics 


Fig.  49. 


relative  to  the  main  pin  be  clearly  understood,  and 
enginemen  should  inspect  the  eccentrics  on  their  engines 
with  a  view  of  fixing  this  position  in  their  minds.     Knowing 
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their  exact  position,  it  will  be  a  simple  matter,  should  an  eccentric 
slip,  to  determine  which  one  is  out,  and  in  what  direction. 

The  relative  position  of  the  left^side  eccentrics  to  the  main 
pin,  as  viewed  from  under  the  engine,  is  shown  in  Fig.  49. 
In  the  figure,  the  strap  of  the  go-ahead  eccentric  is  broken  away 
so  as  to  show  the  web  d  of  the  b)Bick-up  eccentric  more  clearly. 
The  center  of  the  driving  axle  is  at  o,  while  a  and  b  are  the 
centers  of  the  go-ahead  and  back-up  eccentrics,  respectively.  It 
will  be  noticed  that  these  centers  are  on  the  lines  o  x  and  o  y — 
the  center  lines  of  the  webs  c  and  d.  Also,  that  the  angles  of 
advance  xoA  and  yoB  ot  the  eccentrics  are  equal,  and  are 
measured  on  the  side  towards  the  main  pin;  in  other  words, 
the  angle  zoa  between  the  crank-arm  o z  and  eccentric  arm  o a 
is  90°  minus  the  angle  of  advance.  The  angular  advance  will 
vary  with  the  lap,  the  lead,  and  the  throw  of  the  eccentrics, 
so  that  it  is  likely  to  be  different  in  any  two  given  engines;  it  is 
practically  the  same,  however,  for  the  four  eccentrics  of  any  one 
engine,  thus  causing  the  center  lines  ox,  oy,  etc.  of  the  eccentric 
webs  to  incline  equally  towards  the  main  pin.  As  the  eccentrics 
are  securely  fastened  to  the  axle,  and  the  axle  to  the  wheel, 
the  relative  position  of  the  eccentrics  to  the  main  pin  will 
remain  the  same  whatever  the  position  of  the  main  pin. 
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ITS    CONSTRUCTION    AND    OPERATION. 

57.  It  is  very  desirable  that  steam  be  admitted  to  the 
cylinder?  fast  enough  to  maintain  the  pressure  as  near  that  in 
the  boiler  as  possible  during  the  whole  period  of  admission,  and 
anything  that  prevents  this  reduces  the  power  of.  the  engine 
correspondingly.  With  the  ordinary  form  of  slide  valve,  it  is 
especially  difficult  to  maintain  the  pressure  when  the  cut-off  is 
short,  as  is  the  case  when  running  at  high  speeds.  This  is  due 
to  the  fact  that  the  travel  of  the  valve  must  be  reduced  to 
shorten  the  cut-off,  and,  as  a  consequence,  the  valve  opens  the 
port  such  a  small  distance  that  steam  cannot  flow  into  the 
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cylinder  with  sufficient  rapidity  to  maintain  the  preeaure  nearly 
constant  during  the  whole  period  of  admission.  To  overcome 
this  difficulty,  the  Allen  valve,  so  called  after  its  inventor, 
was  designed. 

In  general  design,  the  Allen  valve,  Fig.  60,  is  very  similar 
to  the  ordinary  D  slide  valve,  with  the  exception  that  it  has 
a  supplementary  passage  a  a,  which  passes  over  the  exhaust 
cavity  and  ends  in  two  ports  6,  b  in  the  valve  face.     The  valve 
is  shown  in  mid-position  in  view  (a).     It  has  an  outride  lap 
equal  to  I,  but  no  inside  lap,  having,  instead,  a  small  amount  of 
clearance,  as  shown.     In  view  (6)  the  valve  is  shown  just  as 
admission  is  about  to  take  place.     It  will  be  noticed  that  the 
left  outside  edge  of  the  valve  is  directly  above  the  edge  of 
the  port  A,   while 
the  right-hand  out- 
side   edge    of    the 
supplementary  port 
is    flush  with    the 
edge  c.    Therefore, 

any    movement   of  '"^ 

the  valve  to  the 
right  will  cause 
steam  to  be  ad- 
mitted into  port  A, 
both   past  the  left 

edge  of    the  valve  ^^ 

and  also  through 
the  supplementary 
port  a  a,  as  in 
view  (c),  thus  ma- 
king a  double  open- 
ing for  the  admis- 
sion of  steam.     As 

tlie  valve  proceeds  '"" 

on  its  stroke,  the  left  port  6  in  the  valve  is  closed  by  the  left 
bridge  e,  view  (a),  Vnit  by  the  time  this  occurs  the  left  steam 
port  18  opened  far  enough  lo  admit  steam  as  fast  ns  it  is 
required,  and  the  supplementary  port  is  not  necde<l. 
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The  advantage  ohtained  by  the  use  of  this  type  of  valve 
is  greatest  when  the  travel  of  the  valve  and  consequent  cut-ofi 
is^ehort,  since  it  then  gives  twice  as  much  opening  for  the 
admission  of  steam  as  the  ordinary  valve  does.  Also,  it  opens 
the  steam  port  at  adniisBion  and  closes  it  at  cut-off  at 
twice  the  rate  of  the  ordinary  valve,  which  is  another  very 
decided  advantage. 

THE    DOUBLE-PORTED    VALVE. 

58.  Fig.  51  represents  sections  of  a  slide  valve  of  the  Allen 
tj'pe,  called  by  ito  inventor,  Mr,  C.  J,  MelJin,  chief  engineer 
of  the  Richmond 
locomotive  works, 
the  double -ported 
valve,  in  order  to 
distinguish  it  from 
the  Allen  valve 
proper.  The  supple- 
mentary port  a  a  is  in 
this  instance  used  as 
an  exhaust  as  well  as 
an  admission  port, 
and  the  valve  is  used 
on  the  low-pressure 
_  side  of  Richmond 
compound  locomo- 
tives, in  order  to  get 
as  low  a  hack  pres- 
sure as  possible  with- 
out the  use  of  large 
valves,  small  valves 
with  short  travel 
being  more  advan- 
tageous. The  Allen 
valve  doubles  the  port 
^°'  "■  openingatadmission, 

and  also  doubles  the  rnle  at  which  the  port  is  opened  and  closed 
at  admission   and  cut-off.     The  valve  shown  in  Fig.  51  not 
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only  does  this,  but  it  also  doubles  the  port  opening  at  release, 
and  opens  the  exhaust  port  at  twice  the  rate  of  speed  that 
the  ordinary  slide  valve  will.  This  is  a  very  decided  advan- 
tage at  high  speeds. 

In  order  that  anything  may  be  gained  by  increasing  the 
exhaust-port  opening,  it  njust  be  increased  at  the  very  beginning 
of  the  exhaust  period,  so  that  the  pressure  of  the  exhaust  steam 
will  drop  quickly,  and  as  much  as  possible,  before  the  piston 
begins  its  return  stroke.  It  has  been  found  that  after  a  certain 
piston  velocity  has  been  reached,  the  back  pressure*  does  not 
decrease  during  the  return  stroke;  hence,  the  pressure  of  the 
exhaust  steam  should  be  reduced  as  much  as  possible  before 
the  beginning  of  the  return  stroke. 

The  double-ported  valve  possesses  another  advantage  under 
conditions  that  occur  while  the  engine  is  drifting.  As  the 
piston  moves  toward  the  end  of  its  stroke,  a  vacuum  is  created 
behind  it,  while  the  air  ahead  is  compressed  somewhat.  The 
supplementary  port  in  the  valve  is  made  to  connect  the  two 
steam  ports  at  the  same  instant  that  the  exhaust  port  opens,  so 
that  the  compressed  air  from  one  end  of  the  cylinder  passes,  as 
indicated  by  the  arrows  in  view  (a),  to  the  other  end  of  the 
cylinder.  This  not  only  destroys  the  vacuum,  but  it  also 
effects  a  decrease  in  the  back  pressure  in  the  other  end  of  the 
cylinder;  hence,  the  final  compression  is  much  lower  than  it 
would  otherwise  be. 

In  the  figure,  view  (a)  shows  the  valve  in  mid-position,  the 
arrows  indicating  a  flow  of  air  from  one  end  of  the  cylinder 
to  the  other.  View  (6)  shows  the  valve  at  admission,  the 
arrows  indicating  the  direction  of  the  flow  of  steam  to  and 
from  the  two  ends  of  the  cylinder.  View  (c)  represents  the 
valve  in  release  position,  and  shows  how  the  port  opening 
for  exhaust  is  increased  at  the  beginning  of  release  by  the 
supplementary  port  a. 


*The  exhaust  steam  exerts  a  pressure  on  the  exhaust  face  of  the 
piston  that  acts  in  opposition  to  the  pressure  of  the  live  steam  on 
the  other  face,  and  thus  tends  to  stop  the  movement  of  the  piston. 
This  pressure  is  termed  **  back  pressure." 
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BAIiAXCED    VAIiVES. 


THB    KKCESSITY    OF    BALAKCIN6. 

59.  Considerable  power  is  lost  by  using  a  slide  valve  that 
has  no  provision  made  for  balancing^  the  pressure  of  the  steam 
on  it.  This  will  be  more  readily  understood  if  the  force 
required  to  move  the  valve  under  steam  pressure  is  considered. 
The  resistance  that  must  be  overcome  in  moving  the  valve  is 
due  to  the  friction  exerted  between  the  valve  and  its  seat,  and 
this  depends  on,  and  varies  directly  with,  the  pressure  of  the 
valve  on  its  seat*  By  decreasing  this  pressure,  the  force  neces- 
sary to  move  the  valve  will  be  decreased.  The  pressure  of  the 
valve  on  its  seat  is  equal  (neglecting  the  weight  of  the  valve) 
to  the  total  pressure  of  the  steam  on  the  back  of  the  valve,  less 
the  upward  pressure  that  the  steam  in  the  ports  exerts  on  the 
face  of  the  valve.  The  total  downward  pressure  may  be  found 
by  multiplying  the  pressure f  of  the  steam  acting  on  the  valve 
by  the  area  of  the  valve.  Thus,  a  valve  11  inches  by  20  inches, 
subjected  to  180  pounds  steam  pressure,  would  sustain  a  total 
pressure  of  11  X  20  X  180  =  39,600  pounds  (19|  tons)  tending 
to  hold  it  on  its  seat.  However,  the  steam  in  the  ports  exerts 
a  variable  pressure  upwards  on  the  face  of  the  valve,  and  this 
opposes  the  downward  force  and  lessens  the  pressure  of  the 
valve  on  its  seat.  It  will  be  seen,  therefore,  that  it  is  very 
difficult  to  calculate  the  exact  effective  pressure  of  the  valve  on 
its  seat;  but  with  an  11"  X  20"  valve,  it  probably  will  average 
between  14  and  15  tons. 

Imagine  a  weight  of  15  tons  resting  on  the  valve  while  it  is 
being  moved  on  its  seat  To  move  it,  a  force  of  about  2,200 
pounds  would  be  required,  and,  at  the  speed  the  valve  must  be 
moved,  this  represents  an  expenditure  of  considerable  power, 
a  great  deal  of  which  is  unnecessarily  wasted.     Besides  wasting 


*  *  Of  course,  the  friction  also  depends  on  the  condition  of  the  valve 
and  its  seat,  the  lubricant  used,  etc.;  but  the  effect  of  pressure  only  will 
here  be  considered. 

t  We  refer  to  the  gauge  pressure;  the  fluctuation  of  the  steam  pressure 
in  the  steam  chest  is  not  considered  here. 
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power,  an  unbalanced  valve  caueee  greater  wear  of  the  valve, 
valve  seat,  eccentrics,  links,  rockers,  etc.,  and  it  is  much  harder 
to  handle  by  the  reverse  lever.  To  balance  a  valve,  the  total 
pressure  on  the  valve  is  diminished  by  excluding  the  steam 
from  a  portion  of  the  top  of  the  valve.  How  this  is  done  will 
be  explained  in  connection  with  the  Richardson  and  American 
balanced  valves, 

THE    RICHARDSON    BAIiANCED    VAX.VE. 

60.  The  Bichardson  balanced  Talve  is  illustrated  in 
Fig.  52,  in  which  (a)  is  a  longitudinal  section  through  the 
center  of  the  steam  chest;  (6),  a  section  through  the  center 
at  right  angles  to  the  valve  stem;  (c),  a  view  of  the  top  of  the 
valve,  to  show  the  arrangement  of  the  grooves  for  the  packing 
strips  a,  a  and  6,  h\  while  (d)  is  a  view  of  one  of  the  end 
packing  strips,  showing  the  packing  springs  c,  c. 

It  will  be  observed  that  very  few  alterations  in  valve  and 
steam  chest  are  necessary  to  balance  the  valve,  the  only  changes 
being  the  addition  of  a  plate  P  called  a  balance  plate,  and  a 
few  slight  changes  in  the  slide  valve.  The  balance  plate,  which 
in  this  case  is  bolted  to  the  steam-chest  cover  by  the  bolts  d,  d,  is 
often  cast  solid  with  the  steam-chest  cover,  that  is,  the  two  form 
one  piece.  A  small  space  is  always  left  between  the  top  of  the 
valve  and  the  bottom  of  the  plate,  in  order  that  excessive 
pressure  in  the  cylinder,  from  any  cause,  may  be  able  to  raise 
the  valve  a  short  distance  off  its  seat,  to  relieve  the  pressure 
without  injuring  the  cylinder  heads. 

The  only  alterations  necessary  in  the  slide  valves  are  the 
addition  of  the  slots  to  receive  the  packing  strips,  and  the  small 
hole  e  drilled  through  the  top  of  the  valve  into  the  exhaust 
c«kvity.  The  packing  strips,  it  will  be  observed,  view  (c), 
ondoee  a  rectangular  space  (7,  from  which  they  exclude  the 
steam.  This  space  is  made  equal  in  amount  to  the  area  of 
valve  surface  that  it  is  desirable  to  relieve  of  pressure.  The 
small  bole  i  in  the  top  of  the  valve  connects  the  space  C  with 
the  esbaust  port;  hence,  any  steam  that  may  leak  past  the 
paddng  strips  will  pass  to  the  atmosphere,  and  thus  any 
accumulation  of  pressure  in   the   space   above  the  valve  is 
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prevented.  A  spring 
similar  to  c,  view 
((?)>  is  placed  under 
each  packing  Btrip, 
to  hold  it  up  against 
the  balance  plate 
^  when  steam  is  shut 
^  off.  When  the 
steam  chest  is  filled 
with  steam,  the 
steam  forces  the 
packing  strips 
against  one  another; 
against  the  inside 
edges  of  the  slots, 
which  are  made 
perfectly  true;  and 
,  up  against  the 
C  balance  plate 
against  which  they 
slide,  so  that  they 
are  held  in  steam- 
^  tight  contact  by  the 
direct  action  of  the 
steam.  This  method 
of  balancing  can  be 
used  with  either  the 

plain   D  valves  or  the  Allen  type 

of  valva 


61.  Tho  nictaardson  Relief 
Valve. — A  relief  valve  R  is  used 
to  prevent  a  vacuum  forming  in  the 
steam  chest  and  cylinders  when  run- 
ning with  steam  shut  off.  A  view 
of  tlie  RlchardsoiL  relief  valve 
is  shown  in  Fig.  53,  in  which  part 
of  the  casing  is  broken  away  to  show 
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the  check-valve  v.  The  valve  ia  screwed  into  the  front  end  of 
the  steam  cheat,  bo  that  the  chamber  below  the  valve  v  com- 
municates, by  means  of  the  passage  x,  with  the  steam  chest. 
The  chamber.  JJ>6ve  the  valve  communicates  with  the  atmos- 
phere through  the  openings  a  in  the  valve  case.  When  the 
engine  is  working  steam,  the  vaive  r  is  held  against  its  seat  b  by 
the  steam  pressure  beneath  it;  but  when  steam  is  shut  off,  the 
valve,  drdpa  down  and  allows  air  to  enter  the  steam  chest 


through  the  openings  a,  valve  v,  and  passage  x.  The  curved 
wings  c  are  so  arranged  that  they  turn  the  valve  slightly  in 
closing,  thus  causing  it  to  seat  in  a  new  jiosition  each  time, 
keeping  th,e"wear  uniform,  the  result  being  that  the  valve 
remains- steaair^tight  for  a  longer  period  of  time  than  it  other- 
wise would.-.Sometimes  a  combined  pressure  and  vacuum  relief 
valve  is  used;'  one  of  the  valves  preventing  an  excessive  pres- 
sure, and  the  other  preventing  a  vacuum,  from  being  formed. 


:    AMSRICAX    BALANCER    VALVE. 


62.  Another  form  of  balanced  valve,  known  as  the  Ameri- 
can balanced  valve,  is  shown  in  section  in  Fig.  54,  while 
the  valve  disk  and  packing  ring  are  shown  in  perspective  in 
Fig.  65.     P  is  the  balance  or  bearing  plate,  against  which  the 
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packing  ring  makes  a  steam-tight  joint  as  it  moves  bade  and 
forth.  The  packing  ring  a  is  depended  on  to  lorm  a  eteam- 
tight  joint  between  the  valve  disk  D  and  the  balance  plate  P, 
80  aa  to  exclude  the  preeeure  from  the  top  ot  the  valve.     This 


ring,  which  is  made  circular  in  form,  has  its  inner  face  beveled 
to  suit  the  bevel  of  the  cone  c  on  the  disk  D,  on  which  the 
ring  is  placed.  The  ring  is  cut  at  one  point  to  make  it  flexible, 
and  the  joint  thug  made  is  covered  by  the  joint  plate  b  of 
L  section,  which  makes  a  steam-tight  joint  with  the  balance 
plate  at  the  top,  and  with  the  beveled  face  of  the  cone  below 
the  ring.  The  piece  b  is  fastened  to  one  end  of  the  ring  only, 
so  that  the  ends  of  the  ring  are  free  to  come  and  go.  The 
ring  is  turned  up  slightly  smaller  in  inside  diameter  than  is 
required  when  it  is  in  its  r^ular  position,  so  that  when  it 
is  forced  to  poBition  in  putting  on  the  steam-chest  cover,  it  is 
expanded  slightly  by  the  beveled  face  of  the  oone.  By 
expanding  the  ring,  it  la  put  in  a  state  of  teosion,  so  that  it 


tends  to  squeeze  the  cone  and  close  up,  but  owing  to  the  bevels 
on  the  ring  and  cone,  this  tendency  causes  the  ring  to  elide 
up  and  press  against  the  balance  plate.  The  elasticity  of  the 
packing  ring,  therefore,  holds  the  ring  op  in  position  when 
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eteam  is  shut  off.  When  steam  U  admitted  to  the  eteam  chest, 
it  exerts  a  force  on  the  entire  outride  face  of  the  ring  that 
tends  to  close  the  ring  or  decrease  its  diameter.  This  causes  the 
ring  to  press  even  more  firmly  against  both  cone  and  balance 
plate,  which  insures  a  steam-tight  joint  between  the  part«. 


PISTON    VALVES. 

63.     Constractlon  of  Piston  Valves. — As  will  be  seen 

by  referring  to  Fig.  57,  the  piston  valve  F  derives  its  name 

from   its    form,    being    composed    of   two  pistons  connected 

together  by  a  stem.     The  piston  valve  differs  in  form  from  the 


types  of  valves  already  described;  when  properly  made  and 
Utted  in  its  bushing,  it  makes  a  valve  that  is  practically 
balanced  and  that  is  well  adapted  for  certain  kinds  of  work. 
Fig.  56  represents  a.  section  through  the  saddle  and  cylinder 
of  a  locomotive  fitted  with  piston  valves,  in  which  F  represents 
the  piston  valve;  C,  the  cylinder;  E,  the  exhaust;  and  S,  the 
Now,  suppose  the  saddle  and  cylinder  to  be 
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cut  on  the  lines  x  y  and  y  z,  and  the  top  piece  removed;  if  we 
were  to  look  down  on  the  bottom  piece,  we  should  see  a  section 
like  that  shown  in   Fig.  67.      In  Fig.  57,  E  is  the  exhaust 
passage;  S,  the  steam  passage;  while  ^  is  simply  a  cavityinthe 
casting  between  the  two. 
It  will  be  observed  that 
when  this  form  of  valve 
is  used,  the  exhaust  pas- 
sago  branches  and  com- 
municates with  the  ends 
of  the  steam  chest,  while 
the  steam   passage  com- 
municates with  the  cen- 
ter— just  the  reverse  of 
the    way    they    connect 
when  an  ordinary  form 
of    slide  valve  is  used. 
-  -  It  will  be  observed,  also, 

that  the  cavity  c  in  the  piston  valve  V  is  not  an  exhaust  cavity; 
on  the  contrary,  it  is  filled  with  live  steam,  since  it  conneclB 
directly  with  the  steam  passage  S.  This  type  of  piston  valve 
is  known  as  an  "internal  admission"  valve. 

64.  Operation  of  ValTe. — As  presented  in  Fig.  67,  the 
valve  has  just  completed  its  backward  stroke  (i.e.,  to  the  right), 
and  ig  on  the  point  of  reversing  its  motion.  Steam,  therefore,  is 
flowing  into  the  back  end  of  the  cylinder  through  port  6,  while 
the  exhaust  steam  in  tlie  front  end  is  flowing  out  to  the  exhaust 
through  port  a,  as  indicated  by  the  arrows.  When  the  valve 
moves  to  the  end  of  its  forward  stroke,  steam  will  flow  from 
the  cavity  c  through  port  a  into  the  left  end  of  the  cylinder, 
while  the  exhaust  steam  in  the  back  end  will  flow  from  port  b 
into  the  Hglit  leg  of  the  exhaust  passage  E.  A  valve  18  said  to 
be  a  direct  valve  when  it  opens  the  front  port  for  the  admis- 
sion of  steam  by  moving  to  the  rear,  and  closes  it  by  moving  to 
the  front.  The  piston  valve  here  shown  is  therefore  said  to 
bo  an  Indirect  valve,  and  it  will  be  seen  that  the  direction  of 
its  motion  must  be  the  opposite  of  that  of  a  direct  valve; 
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hence,  the  eccentric  for  an  indirect  valve  must  be  set  on 
the  axle  directly  opposite  the  position  it  would  have  were 
it  operating  a  direct  valve.  In  other  words,  when  a  rocker  sim- 
ilar to  that  shown  in  Fig.  47  is  used  in  connection  with  an 
indirect  valve,  the  eccentric  should  be  set  ahead  of  the  crank  at 
an  angle  equal  to  90^  plus  the  angle  of  advance. 

66.  Effect  of  Wide  Facklngr  Rinss. — The  piston  valve 
is  always  spoken  of  as  a  '^balanced"  valve,  and  a  great  many 
people  seem  to  believe  that  it  is  perfectly  balanced;  but  the 
statement  is  not  strictly  true,  except  when  the  valve  has  no 
packing  rings.  If  the  valve  is  fitted  with  packing  rings,  then 
the  smaller  the  rings  are,  the  more  nearly  the  valve  will  be  bal- 
anced. When  small  rings  are  used,  however,  it  is  found  that 
the  bridges  in  the  steam  ports  wear  faster  than  the  solid  surface 
of  the  cylinder,  and  consequently  the  rings  catch  on  the  edges 
of  the  ports  and  cause  trouble.  To  overcome  this  defect,  rings 
wide  enough  to  span  the  port  are  sometimes  used.  These  rings 
are  of  such  width  as  to  produce  minimum  wear  on  the  bridges 
across  the  ports,  and  besides,  they  cannot  drop  into  the  port 
when  the  bridges  do  wear,  but  they  are  so  wide  that  they  cause 
the  valve  to  be  unbalanced  to  a  considerable  extent. 

At  cut-ofif,  when  the  ring  just  covers  the  port,  th«  outside 
face  of  the  ring  is  subjected  to  the  pressure  in  the  cylinder, 
which  may  be  nearly,  if  not  quite,  steam-chest  pressure.  This 
pressure  on  the  outer  face  of  the  ring  tends  to  force  the  ring 
to  collapse  or  close  up,  and  thus  move  away  from  the  port,  and 
if  the  pressure  were  not  balanced,  the  ring  would  collapse 
and  great  leakage  would  occur  between  the  steam  chest  and 
cylinder.  This  pressure  on  the  ring  is  balanced  by  permit- 
ting steam-chest  pressure  to  get  behind  the  ring,  that  is,  to  the 
space  between  the  ring  and  the  bottom  of  its  groove,  as  in 
the  ordinary  ring  piston-packing.  The  pressure  behind  the 
ring  therefore  remains  practically  constant,  but  the  pressure  on 
the  front  face  of  the  ring  does  not,  since  the  face  is  practically 
relieved  of  pressure  as  «oon  as  the  ring  moves  past  the  port. 
The  result  is,  that  while  the  ring  may  be  nearly  balanced  when 
over  the  port,  it  is  decidedly  unbalanced  as  soon  as  it  moves 
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beyond  the  port,  when  pressure  behind  forces  it  against  the 
bushing,  thereby  greatly  increasing  the  force  necessary  to  move 
the  valve, 

66.  Improved  Packing  Rlnfif. — Except  for  their  unbal- 
ancing eSect,  wide  packing  rings  are  very  desirable  for  piston 
valves.  In  Fig.  58  there  is  shown  an  improved  form  of  piston 
valve  with  wide  packing  rings,  in  which  the  unbalancing  effect 


of  the  rings  la  overcome.  View  (a)  is  a  section  taken  length- 
wise through  the  middle  of  the  valve,  while  (6)  is  an  end  view 
with  the  end  of  the  follower  /  cut  away  on  the  line  a:y  to  show 
the  packing  ring  r.  The  packing  ring  is  shown  in  section  at  r 
in  view  (a),  and  entire  in  view  (6),  with  the  exception  of  that 
portion  cut  away  by  the  section  x  y,  and  part  of  the  lug  a  broken 
away.  This  fonn  of  ring  is  made  practically  solid,  but  at  the 
same  time  adjustable,  so  that  it  has  all  the  advantages  of  the 
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solid  ring,  while  at  the  same  time  it  can  be  adjusted  to  provide 
for  wear.  It  is  prevented  from  turning  by  the  lugs  {  cast  on 
the  follower/ 

The  packing  ring  is  cast  solid,  with  a  lug  a  on  its  inside  face. 
It  is  first  turned  up  to  a  slightly  larger  diameter  than  its 
bush,  and  a  cut  then  made  through  the  lug  a  radial  to  the 
circumference,  a  shim  of  the  required  thickness  being  inserted 
in  the  cut.  The  ring  is  then  clamped  together  by  means  of  the 
bolt  and  nut  n,  and  turned  up  to  the  proper  diameter  to  fit  the 
valve  bush.  The  shim  is  used  to  provide  a  means  of  adjusting 
the  ring  to  the  bush,  and  the  insertion  of  a  thicker  shim  pro- 
vides a  means  of  compensating  for  wear.  With  this  construc- 
tion, the  unbalancing  effect  of  wide  rings  is  done  away  with, 
since  the  steam  pressure  back  of  the  ring  can  have  no  effect 
^  in  increasing  the  diameter  of  the  ring,  and  thus  cannot  set  it  out 
against  the  bushing  and  increase  the  friction.  In  other  words, 
this  valve  is,  in  effect,  simply  an  adjustable  plug  pi^n  valve, 
and  may  therefore  be  as  perfectly  balanced  as  the  plug  valve. 


SETTING   SlilBE   VAIiVBS. 


PRECAUTIONS    BEFORE    SETTING. 

67.  Locomotive  engineers  do  not,  as  a  rule,  set  the  valves 
of  the  locomotives  they  run,  that  work  being  usually  performed 
in  the  back  shop  or  roundhouse.  The  progressive  enginenian, 
however,  realizing  the  importance  of  valve  setting:,  is 
anxious  to  acquire  a  knowledge  of  the  subject,  and  rightly  so, 
since  the  more  he  knows  about  the  machine  under  his  charge, 
the  better  runner  will  he  make.  If  the  parts  of  the  valve  gear 
are  not  badly  worn,  it  is  not  a  very  difficult  matter  to  set  the 
valves  of  a  locomotive,  and  the  success  or  failure  that  will  attend 
one's  efforts  will  depend,  principally,  on  the  precautions 
taken  before  beginning  the  work,  and  on  the  accuracy  with 
which  the  measurements  and  alterations  are  made  during  the 
process  of  setting  the  valves. 

The  valves  should  be  set  while  the  engine  is  hot,  the  best 
time  for  the  work  being  shortly  after  the  engine  has  completed 
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her  run.  Before  beginning  the  work,  take  up  any  loet  motion 
that  may  be  in  the  parta  of  the  valve  gear,  adjust  the  wedges, 
and  see  that  all  keys,  bolts,  and  setscrews  are  tight.  A  valve 
setter  should  understand  an  exact  method  for  finding  the  dead 
center.  Also,  a  method  for  determining  the  "  port  marks"  on 
the  valve  stems,  so  that  in  case  the  valve  stems  have  not  been 
marked  he  can  mark  them,  and  thus  avoid  having  to  remove 
the  steam-chest  covers  in  the  future  when  setting  the  valves. 

FINBING    THB    DBAB    CENTER. 

68.  Great  care  must  be  observed  when  placing  an  engine 
on  the  dead  center  to  see  that  the  exact  dead  point  is  found; 
otherwise  the  valves  will  not  be  set  as  intended.  When  the 
main  crankpin  is  near  the  dead  center,  any  movement  of  the 
driving  wheels  will  produce  but  a  very  slight  movement  of 
the  piston,  while  it  will  have  its  greatest  effect  on  the  slide 
valve,  which  will  receive  considerable  motion;  hence,  if  the 
engine,  hg  mistake,  is  placed  slightly  off  the  center,  the  slide 
valve  may  be  some  distance  from  the  position  it  would  occupy 
were  the  engine  on  the  exact  center. 

To  place  a  locomotive  on  the  right  forward  center,  proceed  as 
follows:  Turn  the  main  driving  wheels  forwards  until  the  main 
crankpin  m  is  in  the  position  shown  in  Fig.  59,  and  the 
crosshead  within  a  short  distance — say  J  inch — of  its  extreme 
forward  travel.  Now  scratch  a  mark  b  on  the  guide  at  the  end 
of  the  crosshead;  also,  make  a  center-punch  mark  on  some 
stationary  part  of  the  locomotive,  as  at  c  on  the  wheel  cover; 
scribe  the  line  x  y  on  the  rim  of  the  wheel  by  means  of  a  pair  of 
compasses;  then  place  one  end  of  a  tram — a  stout  wire  pointed 
at  the  ends  and  bent  into  the  form  shown  at  (6) — ^in  the  center- 
punch  mark  c,  and  scribe  a  short  line  d  on  the  rim  of  the 
driver,  making  a  punch  mark  where  the  two  lines  cross.  Next, 
turn  the  drivers  forwards  until  the  crosshead  has  finished  its 
stroke  and  has  reached  a  point  on  its  backward  stroke  a 
short  distiince  beyond  that  in  which  the  end  of  the  crosshead  is 
again  directly  in  line  with  the  scratch  6.  Then  turn  drivers 
back  again  until  mark  b  is  once  more  reached  by  crosshead,  and 
with  one  end  of  the  tram  in  the  center  punch  c,  scribe  another 
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arc  e  on  the  rim  of  the  wheel,  and  make  a  punch  mark  where 
it  crosses  the  line  zy.  Find  a  point  on  the  line  xy  midway 
between  the  punch  marks  d  and  e,  and  mark  with  a  punch 
mark  /.  Then  place  one  end  of  the  tram  in  the  punch  mark  /, 
and  turn  the  drivers  backwards  (in  direction  opposite  to  that  of 
the  arrow)  until  the  other  end  of  the  tram  just  fits  into  the 
punch  mark  c  on  the  wheel  cover;  the  right  side  of  the  engine 
will  then  be  on  the  forward  center. 

The  object  of  turning  the  wheels  (when  crosshead  is  moving 
backwards)  until  the  crosshead  has  passed  mark  6,  and  then 
turning  them  back  again,  is  to  take  up  the  lost  motion,  and 
have  the  same  brass  in  contact  with  the  wristpin  in  each  case. 

To  find  the  back  center,  proceed  in  the  same  manner,  bearing 
in  mind  to  take  up  the  lost  motion  in  the  way  just  described. 
The  same  tram  is  used  for  both  forward  and  back  center,  as 
is  also  the  same  punch  mark  c  on  the  wheel  cover.  By  pro- 
ceeding thus,  the  punch  mark  at  g^  diametrically  opposite  the 
punch  mark  at  /,  will  be  obtained,  and  when  the  wheel  is 
turned  so  that  the  tram  will  just  fit  into  the  punch  marks  c 
and  (/,  tlic  engine  will  be  on  the  back  center.  The  centers  on  the 
left  side  also  may  be  found  by  a  similar  process. 

Great  care  must  be  observed  that  the  lost  motion  in  the 
main-rod  brasses  be  taken  up  in  the  same  manner  as  it  is 
taken  up  when  the  engine  is  working  steam.  Also,  after 
getting  the  center  marks  /  and  g  on  the  driving  wheels  for 
the  forward  motion  centers,  the  same  center  marks  can  be 
used  for  the  backward  motion.  Instead  of  using  the  mark  b 
on  the  guides,  two  punch  marks  r  and  8  and  a  tram  may  be 
used,  one  mark  being  on  the  guide  block,  and  the  other  on 
the  crosshead.  

MARKING    PORT    MARKS. 

69.  The  trams  used  in  locomotive  valve  setting  are  gen- 
erally standard,  and  the  valve  rod  usually  contains  punch 
marks  called  port  marks,  which  enable  the  valves  to  be 
correctly  set  without  removing  the  steam-chest  covers.  If  the 
port  marks  are  missing,  they  may  be  found  in  the  following 
manner,  after  the  steam -chest  covers  have  been  removed: 


§  8        STEAM,  CYLINDERS,  AND  VALVE  GEARS.         79 


First  of  all,  take  up  any  lost  motion  between  valve  and  yoke 
by  putting  thin  liners  in  between  back  end  of  valve  and  the 
yoke.  Then  place  the  engine  about  on  the  quarter,  and  move 
the  reverse  lever  until  the  front  edge  of  the  valve  is  so  near 
the  outside  edge  of  front  steam  port  as  to  just  admit  a  thin 
piece  of  tin  between  valve  and  port.  Fig.  60.  Make  a  center- 
punch  mark  e  in  the  face  of  the  back  cylinder  head,  and  then, 


FIO.  dO. 

by  meams  of  the  tram  T,  scribe  a  line  a  on  the  valve  rod  and 
punch  it  where  it  crosses  the  center  line  z  y.  This  punch  mark 
will  then  be  the  front  port  mark,  and  by  means  of  it,  and  with- 
out removing  the  steam-chest  cover,  we  can  tell  when  the  valve 
is  in  the  position  shown  in  Fig.  60. 

To  find  the  back  port  mark,  take  the  liners  out  of  back  end 
and  put  them  between  yoke  and  front  end  of  the  valve.  Then 
keeping  the  engine  on  the  quarter,  move  the  reverse  lever  until 
the  tin  will  just  go  in  between  the  back  outside  edge  of  the 
valve  and  the  outside  edge  of  the  back  steam  port.  Then  with 
the  tram  T  in  the  same  punch  mark  c,  scribe  the  line  b  and 
make  a  punch  mark  where  this  crosses  the  line  xy\  this  punch 
mark  is  the  back  port  mark.  The  distance  between  the 
marks  a  and  h  is  just  equal  to  twice  the  lap  of  the  valve; 
hence,  if  one  end  of  the  tram  is  in  the  punch  mark  c,  and  the 
other  at  the  point  d,  half  way  between  the  marks  a  and  !>, 
the  valve  will  be  in  its  mid-position. 


DETERMINING  THE  LENGTH  OF  VALVE  ROD. 

70.  On  most  modem  locomotives  the  valve  rods  are  so 
made  as  to  permit  of  no  adjustment;  therefore,  the  length  of 
the  rod    and  stem  is  always  the  same.     In  a  great  many 
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engines,  however,  the  valve  rod  is  made  adjustable,  and  hence 
the  total  length  of  the  valve  rod  and  stem  is  liable  to  be  varied. 
To  determine  whether  the  valve  rod  and  stem  are  of  the  proper 
length,  place  the  top  rocker-arm  vertical,  that  is,  at  right  angles 
to  the  valve  rod.  Then,  by  means  of  the  tram.  Pig.  60,  try  the 
position  of  the  center-punch  mark  d.  If  the  valve  is  in  its 
mid-position,  the  rod  and  stem  are  the  right  length.  If  the 
point  of  the  tram  falls  in  front  of  the  mark  d,  the  valve  rod 
is  too  short;  while  if  it  falls  behind  it,  the  rod  is  too  long. 


TRYING    THE    I^AB. 

71.  Explanations. — In  trying:  tlie  lead  of  a  valve,  the 
following  may  be  the  objects  in  view:  To  determine  how  much 
lead,  if  any,  the  valves  have,  and  to  determine  whether  they 
have  the  same  amount  of  lead  on  both  their  forward  and 
backward  strokes,  and  also  in  both  forward  and  backward  gears. 

Lead,  it  will  be  remembered  (Art.  54),  is  the  amount  the 
valve  is  open  for  the  admission  of  steam  at  the  beginning  of 
the  stroke  of  the  piston;  therefore,  to  measure  the  lead  for 
the  forward  motion,  the  reverse  lever  must  be  in  forward 
gear  with  the  main  pin  on  the  forward  or  backward  center, 
depending  on  whether  the  lead  at  the  front  end  or  back  end 
is  desired.  To  measure  the  lead  for  the  backward  motion,  the 
lever  must  be  placed  back  of  the  center  of  the  quadrant  The 
position  in  which  the  lever  is  to  be  placed  on  the  quadrant  will 
depend  on  the  part  of  the  stroke  for  which  it  is  desired  to 
measure  or  compare  the  leads.  If  it  is  desired  to  measure  the 
lead  for  the  corner  notch,  the  lever  must  be  placed  in  the  comer; 
if  we  wish  to  measure  the  lead  for  the  6-inch  notch,  the  lever 
must  be  placed  in  that  notch;  and  so  on  for  other  notches. 

72.  Measuring  the  Lead. — To  measure  the  lead  in 

forward  motion  for  the  front  end  of  the  cylinder,  place  the 
reverse  lever  in  the  forward  corner,  and  turn  the  driving  wheels 
forwards  until  the  main  pin  is  on  the  forward  dead  center,  as 
determined  in  Art.  68.  Then  by  means  of  the  tram  T,  Fig.  60, 
scribe  a  Une  on  the  valve  rod.  If  this  line  falls  in  front  of  the 
port-mark  line  a  (i.  e.,  between  a  and  y  in  the  figure),  the  valve 
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is  open  an  amount  equal  to  the  distance  between  the  two  lines, 
and  the  valve  has  that  amount  of  lead.  If  the  distance  between 
the  lines  is  ^  inch,  then  the  valve  has  ^inch  lead,  and  so  on. 
If  the  line  falls  behind  a,  the  valve,  instead  of  having  lead,  is 
closed  an  amount  equal  to  the  distance  between  the  lines,  or,  in 
other  words,  the  valve  is  Mind  by  that  amount. 

To  measure  the  lead  in  the  forward  motion  for  the  back  end 
of  the  cylinder,  leave  the  reverse  lever  in  the  forward  comer, 
but  turn  the  driving  wheels  forwards  until  the  main  pin  is  on 
the  back  dead  center.  Then  with  the  tram  scribe  a  line  on  the 
valve  rod.  If  this  line  falls  behind  the  port  mark  6,  the  valve 
has  an  amount  of  lead  equal  to  the  distance  between  the  lines, 
but  if  it  falls  in  front  of  6,  the  valve  is  blind  at  that  end  by  an 
amount  equal  to  the  distance  between  the  lines.  The  lead  for 
the  backward  motion  is  determined  in  exactly  the  same  manner 
as  for  the  forward  motion,  only  it  is  to  be  remembered  that  the 
drivers  must  be  turned  forwards  in  determining  the  lead  in  for- 
ward motion,  and  turned  backwards  when  the  lead  in  backward 
motion  is  required. 

In  order  to  avoid  confusing  the  forward-  and  backward- 
motion  lead  marks  on  the  valve  rod,  those  for  the  forward 
motion  had  better  be  scratched  from  the  line  xy  upwards 
(Fig.  60),  and  those  for  the  backward  motion  from  the  line  xy 
downwards.  By  following  this  method  there  will  be  no  chance 
of  mistaking  the  lead  marks. 


DETERMINING  WHETHER   ECCENTRIC    ROBS  ARE    OF 

PROPER  LENGTH. 

73.  By  Port  Marks  and  Ijead  Marks. — Having  both 
the  port  marks  and  the  lead  marks  on  the  valve  rod,  it  is  a 
simple  matter  to  determine  whether  the  eccentric  rods  are  of 
proper  lengrth,  and,  if  not,  how  much  they  must  be  altered. 
If  the  valve  has  the  same  amount  of  lead  at  both  ends  in,  say, 
the  forward  motion,  then  the  go-ahead  eccentric  rod  is  the  right 
length.  If  the  leads  are  unequal,  a  change  must  be  made  in  the 
length  of  this  eccentric  rod.  To  determine  how  much  the  rod 
needs  altering,  proceed  as  follows :  Find  the  center  point  between 
the  lead  marks  on  the  line  x  y.  Fig.  60;  if  this  point  falls  in  front 
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of  the  center  point  d  of  the  port  marks,  the  go-ahead  eccentric 
rod  is  too  long,  and  will  have  to  be  shortened  an  amount  equal  to 
the  distance  between  the  two  center  points.  If  the  center  point 
between  the  lead  marks  falls  behind  the  center  point  d,  the 
go-ahead  eccentric  rod  must  be  lengthened  by  the  amount  this 
center  falls  behind  d,  the  rocker-arms  being  assumed  of  equal 
length. 

Next  consider  the  lead  marks  for  the  backward  motion :  If  the 
center  point  between  the  lead  marks  falls  forward  of  the  center 
of  port  marks  d,  the  back-up  eccentric  rod  is  too  long,  and  must 
be  shortened  an  amount  equal  to  the  distance  between  these 
center  points^  if  it  falls  behind  point  d,  this  eccentric  rod  must 
be  lengthened. 

From  the  foregoing  it  will  be  seen  that  if  the  lead  in  any 
motion  is  unequal,  it  can  be  equalized  by  altering  the  length  of 
the  corresponding  eccentric  rod.  If  the  lead  is  equal,  it  can  be 
increased  or  decreased  by  shifting  the  eccentrics  around  in  the 
proper  direction  on  the  driving  axle. 

74.  By  Observation. — To  determine  whether  the  go- 
ahead  eccentric  rod  is  the  right  length,  place  the  reverse  lever  in 
the  forward  comer,  open  the  cylinder  cocks,  and  then  open 
the  throttle  far  enough  to  move  the  engine  slowly  forwards. 
Watch  the  cylinder  cocks,  and  if  steam  shows  at  the  front  and 
back  cocks  at  about  the  same  point  of  the  strokes,  the  go-ahead 
eccentric  rod  is  the  right  length.  If  it  discharges  too  soon 
from  the  front  cock,  and  too  late  from  the  back  cock,  the 
go-ahead  rod  is  too  long;  while  if  it  discharges  too  late  from  the 
front  cock,  and  too  soon  from  the  back  one,  the  rod  is  too  short. 

To  try  the  back-up  eccentric  rod,  place  the  reverse  lever  in 
full  gear  backward,  open  the  cylinder  cocks,  and  then  open  the 
throttle  slightly.  If  steam  shows  too  soon  at  the  front,  and  too 
late  at  tlie  back  cock,  the  back-up  eccentric  rod  is  too  long; 
while  if  it  shows  too  late  at  the  front,  and  too  early  at  the  l>ack 
cock,  the  back-up  eccentric  rod  is  too  short 

Before  applying  the  above  test,  close  the  lubricator  steam 
valve  (leading  from  boiler)  or  otherwise  considerable  steam  will 
come  out  of  the  cocks  and  so  interfere  with  the  test. 
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DETERMFNTNO   TITB    POIIiT    OP   CUT-OFF. 

76.  It  is  very  important  that  steam  be  admitted  to  the  two 
cylinders  during  equal  parts  of  the  stroke,  both  during  the  for- 
ward and  backward  stroke;  hence,  it  is  desirable  to  understand 
a  method  of  *Hrying"  the  cut-off.  Usually  the  point  of  cut-off 
is  determined  for  full  gear,  for  half  gear,  and  for  the  6-  or  8-inch 
notches,  but  since  the  method  of  determining  the  point  of 
cut-off  is  the  same  for  all  positions  of  the  reverse  lever,  it  will 
be  determined  for  one  position  only — say  for  the  C-inch  notch. 

The  first  thing  to  be  done  is  to  find  the  extreme  travel  of  the 
crosshead  on  both  the  forward  and  backward  strokes.  To  do 
this,  hold  a  straight  piece  of  wood  or  iron  firmly  against  the 
end  of  the  crosshead  and  the  side  of  the  guides  in  such  a 
manner  that  as  the  crosshead  moves  towards  the  end  of  its 
stroke,  it  will  push  the  piece  of  wood  or  iron  before  it  Move 
the  crosshead  slowly  ahead  until  it  has  completed  its  stroke  and 
has  moved  far  enough  on  its  backward  stroke  to  admit  of  a 
scratch  a,  Fig.  59,  being  made  on  the  guide  bar  along  the  face 
of  the  piece  of  wood,  which,  of  course,  will  remain  at  the 
extreme  travel  of  the  crosshead.  This  scratch  marks  the 
extreme  distance  that  the  crosshead  travels,  and  is  called 
the  travel  mark.  The  travel  mark  n  for  the  opposite  stroke 
of  the  crosshead  should  be  found  in  the  same  manner,  and 
marked  by  another  scratch  on  the  guide  bar.  The  object  of 
getting  these  travel  marks  is  to  enable  the  travel  of  the  piston 
to  be  measured,  since  the  travel  of  the  crosshead  is  exactly  the 
same  in  length  and  direction  as  the  travel  of  the  piston. 

To  measure  the  cut-off  for  the  front  end  of  the  cylinder 
(forward  motion),  place  the  reverse  lever  in  the  notch  for  which 
the  cut-off  is  to  be  measured  (the  forward  6-inch  notch  in  this 
case),  and  turn  the  drivers  forwards  until  the  main  pin  has 
crossed  the  forward  center  and  the  crosshead  has  begun  its 
stroke  towards  the  back  end  of  the  engine.  Then  turn  the 
driver  slowly  and  watch  the  motion  of  the  valve  by  means  of 
the  port  marks  on  the  valve  stem  (see  Fig.  60).  The  valve  will 
move  backwards  for  a  time,  but  will  soon  change  its  direction 
of  motion  and  move  forwards.    The  tram  should  then  be  placed 
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in  the  punch  mark  c  in  the  cylinder  head,  and  the  drivers  moved 
forwards  until  the  tram  mark  a,  Fig.  60,  coincides  with  the 
point  of  the  tram  T,  when  the  valve  will  be  at  cut-ofif  (see  cut-off, 
Art.  43).  Now,  measure  the  distance  between  the  front  end  of 
the  crosshead  and  the  front  travel  mark  on  the  guide,  to  see  how 
far  the  piston  has  traveled  on  its  stroke,  and  mark  it  down  so  as 
not  to  forget  it.  If  the  travel  is  6  inches,  the  cut-off  is  all  right; 
if  it  is  more  than  6  inches,  the  cut-off  occurs  too  late;  while  if 
less  than  this  amount,,  the  cut-off  is  too  early.  Next,  leave  the 
reverse  lever  in  the  forward  gear  and  turn  the  driver  forwards 
again  until  the  main  pin  crosses  the  back  dead  center,  and 
obtain  the  cut-off  for  the  back  end  of  the  cylinder,  as  explained 
above,  the  travel  being  measured  from  the  back-travel  mark  n. 
By  comparing  this  cut-off  with  that  for  the  front  end  of  the 
cylinder,  it  will  be  readily  seen  whether  they  are  equal  or  not. 
The  cut-off  for  the  other  cylinder  may  be  found  by  the  same 
method.  The  method  for  trying  the  cut-off  for  backward  gear 
is  the  same  as  for  forward  gear,  with  the  exception  that  the 
reverse  lever  must  be  placed  in  the  back-gear  6-inch  notch,  and 
the  drivers  must  be  turned  backwards  instead  of  forwards. 


ADJUSTING   THE    CUT-OFFS. 

76.  The  cut-offs  in  one  cylinder  may  occur  later  than  in  the 
other,  or  they  may  be  unequal  in  the  same  cylinder.  If  they  occur 
later  in  one  cylinder  than  in  the  other,  the  defect  may  be  rem- 
edied by  raising  the  link  on  the  side  that  has  the  longer  cut-off 
and  lowering  the  other  link  until  the  proper  mean  is  struck; 
this  may  be  accomplished  by  shortening  one  link  hanger  and 
lengthening  the  other.  Generally  the  equalization  may  be 
effected   by  altering  the  length  of  only  one  of  the  hangers. 

If  the  cut-off  for  one'end  of  the  cylinder  is  longer  than  for  the 
other  end,  it  may  be  due  to  a  rocker-arm  being  sprung,  in  which 
case  straightening  the  rocker-arm  will  restore  the  equality  of  the 
cut-off.  Frequently  an  inequality  of  the  cut-off  for  the  forward 
motion  is  corrected  by  throwing  the  backward  motion  out — 
lengthening  or  shortening  the  valve  rod,  and  thus  sacrificing  the 
equality  of  the  lead.  Considerable  experience  in  valve  setting 
is  necessary  to  effect  an  equalization  by  any  of  the  methods. 


Locomotive  Management. 


INSPECTION,  CABE,  AND  MANAGEMENT. 


IKSPECTION  OF  liOCOMOTIVBS. 

1.  The  d^ree  of  success  attained  by  an  engineer  will 
depend  not  only  on  his  ability  to  handle  an  engine  in  such 
manner  as  to  obtain  the  greatest  amount  of  work  from  it  with 
the  least  possible  expense  for  fuel,  lubricants,  and  running 
repairs,  but  also  on  the  care  he  exercises  in  seeing  that  the 
locomotive  is  kept  in  good  running  order,  thereby  preventing 
delays  in  the  service,  and  possible  accidents  in  which  life  and 
property  may  be  destroyed.  Frequent  and  thorough  inspection 
of  all  parts  of  the  locomotive  is,  therefore,  essential  to  his 
success,  since  it  is  by  this  means  that  loose  and  broken  bolts 
and  other  defects  can  be  discovered  and  repaired  before  the 
next  trip,  and  thus  avoid  trouble  that  otherwise  would  occur  on 
the  road.  Some  railroads  employ  locomotive  inspectors,  whose 
duty  is  to  thoroughly  inspect  each  locomotive  as  it  comes  in, 
and  report  needed  repairs.  On  most  roads,  however,  it  is  the 
duty  of  the  engineer  to  locate  and  report  defects,  and  he  should 
see  that  the  work  reported  has  been  properly  performed. 
However,  whether  an  inspector  is  employed  by  the  railroad  or 
not,  an  engineer  must  r^ularly  make  a  careful  examination  of 
his  engine,  since  by  so  doing  it  not  only  lessens  the  chances 
of  failures  while  on  the  road,  but  it  gives  him  a  greater  feeling 
of  confidence  in  his  engine. 

2.  In  making  an  inspection,  it  must  be  ascertained 
whether  there  are  any  loose  joints,  bolts,  or  nuts;  whether  any 
of  the  parts  are  defective  through  wear  or  otherwise,  and  ought 
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to  be  renewed;  whether  any  of  the  parte  are  missing;  and 
whether  the  bearings  are  in  such  condition  as  will  insure  their 
running  cool  during  the  next  trip.  By  feeling  the  bearings 
immediately  after  the  run,  and  before  they  have  had  time  to 
cool,  their  temperature  can  be  determined. 

The  engine  and  tender  should  be  inspected  as  soon  after 
each  trip  as  possible,  in  order  that  sufficient  time  may  be  had 
for  repairs  before  the  engine  must  go  on  another  trip.  After 
inspection,  any  npeded  repairs  should  be  correctly  reported, 
and  engineers  must  make  it  their  duty  to  inspect  the  reported 
work  before  leaving  on  their  next  trip,  so  as  to  be  satisfied  that 
the  work  has  been  properly  done. 

To  inspect  the  engine,  begin  at  the  back  driver  where  you 
come  down  from  the  cab,  and  make  a  careful  examination  of 
the  wheels,  for  broken  or  cracked  flanges,  cracked  spokes, 
cracked  wheel  centers,  or  for  wheels  working  loose  on  axles. 
On  all  paper  wheels,  the  bolts  that  run  through  the  tire  and 
the  center  plates  of  the  wheels  should  be  carefully  examined, 
as  they  work  loose  quite  frequently  and  thus  allow  the  tire 
to  become  loose.  The  springs,  spring  hangers,  and  equaUzer 
cradle  hangers  and  pins  should  be  examined,  also,  as  they  some- 
times break  and  allow  the  center  casting  to  drop  down  upon 
the  cradle  frame.  This  makes  the  engine  truck  rigid,  and 
causes  it  to  curve  hard.  The  driving  springs  and  hangers 
should  be  carefully  looked  over,  and  then  the  pedestal  braces, 
wedges,  and  cellar  bolts.  It  should  be  observed  whether  the 
eccentric-strap  oil  cups,  the  rod  cups,  guide  cups,  and  the  piston- 
rod  and  valve-stem  oilers  are  in  good  working  order.  If  these 
are  neglected  and  allowed  to  become  clogged  up,  trouble  will 
surely  follow;  for  in  that  event  the  oil  cannot  get  out  of  the  cups. 

It  is  consistent  with  good  judgment  to  occasionally  take 
down  the  tank  hose,  and  to  thoroughly  clean  it  and  the  screens. 
The  brake  equipment  should  also  be  inspected  to  see  whether 
it  is  in  good  working  order  and  that  there  are  no  leaks  in  the 
reservoirs  or  piping.  The  pulling  bar  and  pins  between  the 
tender  and  the  engine  should  also  be  carefully  inspected  to  see 
whether  they  are  in  good  order  and  that  there  are  no  cracks 
or  breaks  that  might,  perhaps,  lead  to  a  failure  while  on  the 
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road.  The  tender  wheels,  springs,  spring  hangers,  and  brake 
rigging  should  next  be  carefully  examined  to  ascertain  if  they 
are  in  good  order.  The  firebox  should  next  be  carefully 
examined,  also  the  crown  sheet,  to  see  that  there  are  no  leaky 
crown-bar  bolts,  flues,  or  side  sheets.  The  injectors,  also, 
should  be  tried  to  ascertain  whether  both  are  in  good  working 
order.  If  defects  are  discovered  during  the  inspection,  a  correct 
report  must  be  made  stating  the  nature  of  the  work  to  be  done 
and  just  where  to  find  the  trouble.  This  report  should  be 
made  so  clear  that  the  shopmen  cannot  possibly  make  a  mistake 
in  the  work  to  be  performed. 

Besides  the  regular  inspections  referred  to  above,  an  engineer 
should  make  as  careful  an  inspection  as  possible  of  all  the  parts 
of  the  engine  in  sight  every  time  he  **oils  around."  This 
practice,  if  persisted  in,  will  soon  become  a  habit,  and,  after  a 
time,  it  becomes  second  nature  for  his  eye  to  unconsciously 
look  over  the  parts  of  the  engine,  seeking  defects. 

3.  Reporting  Work. — Next  in  importance  to  a  careful 
inspection  of  the  locomotive  is  the  proper  reporting  of  work  that 
is  found  necessary  to  be  done,  and  care  should  be  taken  to  see 
that  the  reports  are  perfectly  plain  in  every  respect  so  that  the 
repair  men  will  be  able  to  locate  the  defecta  readily  and  make 
the  repairs  in  the  least  time  possible.  In  many  instances,  reports 
are  so  made  that  more  time  is  consumed  in  finding  the  defect 
than  in  making  the  repairs.  For  example,  instead  of  reporting 
** engine  blows,'*  care  should  be  taken  to  locate  the  blow  and 
report  its  exact  location.  Instead  of  reporting  ^'  engine  pounds 
on  left  side,"  a  better  practice  is  to  locate  the  pound,  when 
an  opportunity  occurs,  and  specify  the  exact  location.  Instead 
of  reporting  **  air  pump  will  not  work,"  ascertain  the  cause  and 
report  the  proper  defect;  for  instance,  write,  ^^Nuts  off  air 
piston  of  air  pump,"  if  that  is  the  defect.  The  following  are 
several  examples  of  the  way  to  report  defects:  Examine  right 
injector,  tubes  incrusted;  choke  plug  in  lubricator,  right  side, 
worn  too  large,  new  one  required;  left  cylinder  packing  blowing 
badly;  face  right  valve  seat;  tubes  leaking,  calk  and  roll  if 
necessary;  line  down  wedges  of  right  main  driving  box;  etc. 
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FRICTION. 

4.  The  bearings  of  every  kind  of  machine,  however  driven, 
require  lubricating,  otherwise  a  considerable  loss  of  power  will 
result  through  frictional  resistance  between  the  journals  and 
their  bearings.  This  power  that  is  lost  through  frictional 
resistance  is  converted  into  heat;  hence,  in  fast- running 
machinery,  sufficient  heat  may  be  generated  to  overheat  the 
journals  and  their  bearings,  thus  causing  a  hot  box.  Lubrication 
not  only  reduces  the  frictional  resistance  between  the  journal 
and  its  bearing,  but  it  also  helps  to  dissipate  the  heat  that  is 
generated,  thus  making  it  possible  to  run  heavy  machinery  at 
high  speeds  for  long  periods  of  time.  It  will  therefore  be  seen 
that  lubrication  is  an  important  study,  and  to  be  a  thorough 
master  of  the  subject,  one  must  understand  friction  and  the 
nature  and  properties  of  the  lubricants  used. 

5.  EflTect  of  Friction. — If  the  hand  is  placed  on  a  board 
and  moved  along  its  surface,  it  will  be  observed,  Jirat^  that  a 
resistance  is  offered  to  the  movement  of  the  hand;  and,  second^ 
that  if  the  movement  is  continued,  the  hand  becomes  heated. 
The  term  friction  is  given  to  this  resisting  force  that  acts 
between  a  body  and  the  surface  on  which  it  moves  or  tends  to 
move.  Friction  always  acts  in  opposition  to  the  force  that 
moves  or  tends  to  move  a  body ;  in  other  words,  if  a  body  is  in 
motion,  the  friction  between  it  and  the  surface  over  which  it 
moves  tends  to  retard  the  movement  of  the  body,  while  if  the 
body  is  at  rest  and  a  force  is  applied  tending  to  move  it, 
the  force  of  friction  acts  to  prevent  the  movement.  In  either 
case,  if  the  force  applied  is  sufficient  to  overcome  the  force 
of  friction,  the  body  will  be  kept  moving  and  energy  will  be 
expended  in  doing  work  in  overcoming  the  frictional  resistance. 
The  energy  thus  expended  or  used  up  is  converted  into  heat. 
The  muscular  energy  expended  in  briskly  rubbing  two  dry 
pieces  of  wood  together  may  be  sufficient  to  cause  them  to 
ignite  and  burn.  Grasp  a  vertical  rope  with  your  hands  and 
slide  quickly  down  it  and  you  \vill  be  made  painfully  aware  of 
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the  energy  that  is  converted  into  heat  in  overcoming  the  fric- 
tional  resistance  acting  between  your  hands  and  the  ropa 
Place  your  hand  on  a  car  wheel  or  engine  wheel  to  which  a 
brake  has  been  applied  during  the  descent  of  a  long  hill,  and 
note  the  heating  effect  of  the  energy  that  was  converted  into 
heat  in  overcoming  the  resistance  between  the  brake  shoe  and 
the  wheel. 

6.  Kinds  of  Friction.— The  friction  exerted  between 
solids  may  be  divided  into  rolling^  friction  and  sliding: 
fHction;  that  exerted  between  fluids  is  called  fluid 
friction.  Rolling  friction  is  the  resistance  that  a  rolling 
body  meets  from  the  surface  on  which  it  rolls,  as  for  instance, 
the  resistance  offered  a  car  wheel  rolling  on  a  rail.  Sliding 
friction  is  the  resistance  that  a  sliding  body  meets  from  the 
body  on  which  it  slides,  as  for  instance,  the  resistance  offered 
the  crosshead  sliding  on  the  guides,  the  journals  sliding  in  their 
bearings,  the  valves  sliding  on  their  seats,  etc. 

7.  Cause  of  Friction. — Friction  between  two  bodies  is 
due  to  the  roughness  and  unevenness  of  their  surfaces,  hence, 
the  smoother  the  surface,  the  less  the  friction  will  be.  However, 
two  bodies  may  have  polished 

surfaces,  and,  to  the  naked  eye, 
may  appear  perfectly  smooth, 
yet,  when  placed  under  a 
powerful  magnifying  glass, 
they  will  be  seen  to  have 
minute  elevations  and  depres- 
sions that  fit  into  one  another  somewhat  as  shown  in  Fig.  1. 
When  one  of  these  bodies  is  made  slide  over  the  other,  these 
elevations  are  either  ground  off  or  flattened  down.  In  either 
event,  a  resistance  to  the  movement  is  offered,  the  amount  of 
which  will  depend  on  the  roughness  of  the  surfaces. 

In  the  case  of  rolling  friction,  the  elevations  fit  into  the 
depressions  as  shown  in  Fig.  2,  and  when  one  body  is  rolled 
along  the  other,  the  action  is  somewhat  similar  to  that  of  a 
toothed  pinion  rolling  on  a  rack.  The  tearing  and  flattening 
effect,  therefore,  is  very  much  less  than  in  the  case  of  sliding 
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friction;  hence,  rolling  friction  is  considerably  less  than  sliding 
friction. 

The  amount  of    friction    between   two   bodies   depends  on 
the  nature  of  the  bodies,  and  on  the  pressure  holding  them 
together,  the   resistance  varying   directly   with   the  pressure. 
Friction   is  independent    of  the 
velocity  of  the  motion  as  well  as 
of   the   area  of    the  surface  in 
contact.    It  may  be  lessened  con- 
aiderably  by  polishing  and  lubri- 
cating   the   surfaces   that    move 
upon    each    other,  and,  also,  it 
has  been  found   in   many  cases 
^'  that  by  using  bodies  of  different 

materials  the  resistance  will  be  reduced.  For  this  reason,  the 
journal  bearings  of  cars  and  locomotives  are  made  of  brass 
and  anti-friction  metals,  while  the  journals  are  of  steel  and  iron. 

8.  Startingr  Friction. — Friction  is  greater  when  a  body 
is  just  on  the  point  of  moving  than  when  the  body  is  in 
motion.  You  will  be  readily  convinced  of  this  if  you  note  the 
struggles  of  a  team  of  horses  in  starting  a  heavy  load,  and 
the  comparative  ease  with  which  they  haul  the  load  when  it 
has  been  fairly  started.  If  this  is  not  convincing,  load  a 
wheelbarrow  and  try  the  thing  for  yourself,  or  start  to  draw 
a  heavily  loaded  sleigh.  If  a  spring  scale  is  fastened  to  the 
sleigh  so  as  to  register  the  amount  you  pull,  it  will  clearly 
show  that  the  amount  of  frictional  resistance  to  starting — 
starting  friction — fs  greater  than  the  amount  offered  to  the 
sleigh's  movement  when  it  is  once  in  motion. 

By  backing  the  engine  until  the  slack  in  the  train  is  taken 
up,  and  then  starting  forwards,  a  locomotive  will  very  fre- 
quently handle  a  train  that  it  is  unable  to  start  with  the  train 
stretched.  The  train  is  thus  started  one  car  at  a  time  and 
is  kept  in  motion  with  comparative  eaae.  In  this  case,  the  start- 
ing friction  of  each  car  is  overcome  separately,  the  momentum 
of  the  moving  part  of  the  train  helping  very  materially  to 
start  the  remainder. 
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Wherever  there  is  relative  movement  between  bodies  in 
contact,  there  is  friction;  and  when  the  number  of  moving 
bodies  or  parts  are  numerous,  as  in  a  locomotive  and  train, 
the  subject  of  how  to  reduce  the  friction  becomes  of  vital 
importance,  since  the  friction  absorbs  and  wastes  a  large 
amount  of  the  available  motive  power,  converting  it  into 
undesirable  heat.  It  thus  will  be  seen  that  friction  in  bear- 
ings, surfaces,  etc.  is  very  undesirable,  and  at  first  glance  one 
is  very  apt  to  think  that  friction  is  always  undesirable.  A  little 
reflection,  however,  will  soon  show  that  this  is  not  the  case. 
It  is  true  that  friction  is  always  a  resisting  force  and  that  it 
never  produces  or  accelerates  motion,  but  without  friction  the 
driving  wheels  of  a  locomotive  would  not  adhere  to  the  rails, 
consequently  it  would  be  impossible  to  move  even  the  engine; 
the  brake  shoes  would  have  no  retarding  power  over  the  wheels, 
and  our  air-brake  system  would  be  of  no  use;  men  and  animals 
could  not  walk  if  there  were  no  frictional  resistance  between  the 
foot  and  the  earth ;  it  would  be  impossible  to  erect  buildings, 
for  lack  of  friction  between  the  nails  and  the  wood;  and,  without 
friction,  thread,  rope,  cloth,  etc.  would  not  hold  together. 


FliUID    FRICTION. 

9.  When  a  fluid  flows  in  a  current  through  a  mass  of  fluid, 
or  when  it  moves  in  contact  with  a  solid,  a  resistance  is 
experienced,  due  to  the  relative  motion  of  the  layers  of  fluid 
in  contact  with  one  another.  This  can  best  be  understood  by 
describing  the  action  when  a  fluid  flows  in  contact  with  a  solid, 
which  is  as  follows:  A  layer  of  fluid  adheres  to  the  surface  of 
the  solid  and  has  no  motion  relative  to  it;  the  next  layer 
of  fluid,  however,  has  relative  motion,  and  the  velocity  of  the 
succeeding  layers  increases  as  their  distance  from  the  solid 
increases.  Under  these  conditions,  there  is  relative  motion 
between  the  adjacent  layers,  which  sets  up  a  resistance  to  the 
flow.  The  effect  of  this  resistance  on  the  flow  of  a  fluid  is 
clearly  illustrated  in  the  flow  of  water  in  a  stream,  in  which  it 
will  always  be  found  that  the  velocity  is  least  at  the  shores  and 
gradually  increases  toward  the  center,  or,  rather,  toward  the 
part  that  is  deepest.     That  this  is  true  can  be  determined 
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exi)erimentally  by  dropping  pieces  of  wood  in  the  stream  at 
different  distances  from  the  shore  and  noting  the  velocity  with 
which  they  move.  Likewise,  it  can  be  shown  by  experiment 
that  the  motion  of  the  water  is  least  at  the  bottom  of  a  stream, 
and  that  it  increases  as  the  distance  from  the  bottom  increases. 
The  resisting  force  between  layers  of  a  fluid  acts  in  such  a 
direction  as  to  tend  to  decrease  the  motion  of  the  layer  of  water 
that  is  flowing  the  faster,  and  to  increase  the  motion  of  the 
slower  layer.  It  is  due  to  fluid  friction  that  a  floating  object 
moves  with  the  stream.  Fluid  friction,  therefore,  is  the  resistance 
that  a  layer  of  fluid  meets  from  axJijacent  layers  thai  are  in 
contact  and  moving  relatively  with  it.  The  particles  of  fluid 
adhere  slightly  to  one  another,  so  that  when  a  layer  of  fluid 
moves,  it  tends  to  drag  the  adjacent  layers  with  it,  as  already 
mentioned,  while  they  tend  to  hold  it  back.  The  property 
that  the  particles  of  fluid  possess  of  adhering  together  is  called 
viscosity,  and  fluids  that  possess  this  property  to  a  high 
degree,  as  molasses,  heavy  oils,  etc.,  are  said  to  be  viscous. 

It  has  been  found  (1)  that  fluid  friction  is  independent  of  the 
pressure  between  the  masses  in  contact,  that  is,  the  friction  of 
fluids  is  unaffected  by  variations  of  pressure;  (2)  that  the 
friction  of  fluids  depends  directly  on  the  area  of  the  surfaces  in 
contact,  being  directly  proportional  to  it;  (3)  that  fluid  friction 
depends  on  the  relative  velocity  between  layers,  being  propor- 
tional to  the  square  of  the  velocity  at  high  speeds,  but  only  to 
about  the  velocity  at  slow  speeds;  (4)  that  fluid  friction  does 
not  depend  on  the  nature  of  the  solid  against  which  it  may  flow, 
but  on  the  degree  of  roughness  of  the  surface  of  the  body;  (5) 
that  the  friction  of  fluids  depends  on  the  density  of  the  fluid, 
and  increases  with  the  density.  Fluid  friction  is  less  than 
either  rolling  friction  or  sliding  friction. 


LUBRICATION. 

10.  The  object  of  using  lubricating  oils  on  journals,  etc.  is 
to  reduce  the  amount  of  friction  to  a  minimum  by  substituting 
the  friction  of  fluids  for  the  sliding  friction  of  solids.  A  per- 
fectly lubricated  bearing,  therefore,  should  follow  the  laws  of 
fluid  friction,  but,  unfortunately,  it  is  not  possible  in  practice  to 
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obtain  perfect  lubrication.  In  the  case  of  a  freely  lubricated 
journal  subjected  to  light  pressure  at  high  velocities,  the  con- 
ditions will  closely  approximate  that  of  a  perfectly  lubricated 
journal,  and  the  journal  will  float  as  it  were  on  the  two  films  of 
fluid  that  adhere  to  the  surfaces  of  the  journal  and  its  bearing 
and  are  continually  interposed  between  them.  In  this  case,  the 
friction  in  the  bearing  occurs  simply  between  the  two  layers  of 
fluid  that  adhere  to  the  two  surfaces.  However,  at  slow  speeds 
and  with  the  journal  subjected  to  very  heavy  pressure,  the 
journal  and  its  bearing  are  forced  into  close  contact,  and  the 
friction  in  that  case  is  partly  solid  and  partly  fluid  friction. 
In  this  case  it  will  be  greater  than  in  the  first,  as  will  be  shown 
by  the  wear  of  the  surfaces.  In  most  cases  it  will  probably  be 
found  that  the  journal  and  its  bearing  are  not  completely 
separated  by  the  film  of  lubricant  interposed  between  them,  but 
that  they  partly  rub  on  each  other  and  are  partly  separated  by 
the  layer  of  lubricant;  hence,  the  friction  in  this  case  will  follow 
neither  the  laws  of  solid  nor  fluid  friction,  but  will  approximate 
one  or  the  other,  depending  on  the  condition  of  the  journal. 
With  scant  lubrication,  the  friction  will  approximate  that  of 
sliding  friction,  while  with  sufficient  lubrication,  the  friction  will 
approximate  that  of  fluid  friction. 


LUBRicAirrs. 

11.  Lubricants  are  divided  into  solids,  as  graphite; 
semisolid,  as  animal  fats,  vegetable  greases,  and  preparations 
from  mineral  oils;  and  liquids,  which  include  a  variety  of 
animal,  vegetable,  and  mineral  oils.  It  is  the  liquid  mineral 
oils  that  we  shall  consider. 

The  mineral  oils  are  derived  from  coal  by  distillation,  while 
the  petroleums  (mineral  oils,  also,  but  slightly  different 
chemically)  are  found  in  subterranean  chambers  in  the  vicinity 
of  coal  deposits.  Both  the  mineral  oils  and  the  petroleums  are 
hydrocarbons  and  belong  to  the  class  of  oils  known  as  volatile 
oils.  They  have  no  affinity  for  oxygen  or  moisture,  and  will 
not  ferment  or  decompose  in  any  temperature.  As  petroleum 
oils  have  entirely  superseded  the  mineral  oils  derived  from 
distillation  from  coal,  only  the  former  will  be  treated. 
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12.  Petroleum  Oils. — Petroleum  is  used  in  great  quan- 
tities for  lighting,  heating,  and  lubricating  purposes.  As 
taken  from  the  earth,  it  is  composed  of  a  mixture  of  hydro- 
carbon compounds  ranging  from  a  light,  incondensible  gas  to 
solids.  When  subjected  to  heat,  the  component  parts  of  the 
petroleum  separate,  and,  if  each  part  that  is  separated  is  again 
heated,  it  will  be  divided  into  another  series  of  hydrocarbon 
compounds.  It  is  due  to  this  property  of  crude  petroleum  that 
so  many  different  products  are  obtained  from  it 

In  preparing  crude  petroleum  for  the  market,  it  is  either 
purified,  condensed,  or  distilled.  In  most  cases,  however, 
the  last  method  is  the  one  used. 

Benzine  is  the  first  product  obtained  from  the  distillation  of 
crude  petroleum.  As  the  process  of  distillation  is  continued, 
and  the  temperature  is  gradually  increased,  several  grades  of 
oil,  known  as  burning  oils,  are  obtained.  These  oils  are  collected 
separately  and  treated  chemically  to  bleach  and  free  them  from 
impurities  and  they  then  form  illuminating  oils.  By  the 
time  these  oils  are  removed  only  about  20  per  cent,  of  this 
crude  petroleum  remains,  and  it  is  from  this  that  the  lubricating 
oils  are  obtained.  Black  lubricating  oils,  such  as  are  used  on 
car  journals,  are  obtained  by  subjecting  this  remaining  20  per 
cent,  to  distillation,  with  a  gradually  increasing  temperature 
until  a  temperature  of  380°  F.  is  obtained.  By  this  means  all 
the  lighter  grades  of  oil  that  will  flash  at  a  temperature  lower 
than  380°  F.  are  driven  or  distilled  over.  The  process  of  dis- 
tillation is  not  continued  above  the  temperature  of  the  fire 
test  that  the  oil  must  stand. 

The  brighter  colored  engine  oils  are  obtained  by  filtering  the 
oil  through  charcoal  after  distillation.  If  heavier  oils  of  still 
higher  fire  test  are  desired,  the  distillation  is  continued  up  to  a 
temperature  corresponding  to  the  desired  fire  test.  To  obtain 
the  heavy  cylinder  oils  having  a  fire  test  of  about  680°  P.,  the 
distillation  is  continued  to  that  temperature. 

13.  Flashing:  Point. — The  temperature  at  which  an  oil 
will  give  off  vapors  in  sufficient  quantities  to  allow  of  their 
ignition  is  called   the   flaslilngr  point   of  that  oil.     It  haa 
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been  found,  by  experiment,  that  3  parts  of  petroleum  vapor 
mixed  with  1  part  of  air  will  ignite  with  a  slight  report 
when  a  match  is  touched  to  it,  while  9  parts  of  vapor  with  1 
part  of  air  will  cause  a  violent  explosion.  At  temperatures 
lower  than  its  flashing  point,  an  oil  will  not  give  off  sufficient 
vapor  to  cause  an  explosion;  if  heated  to  its  flashing  point, 
however,  it  will  give  off  just  sufficient  vapor  to  cause  a  flash  if 
a  light  is  applied,  although  the  oil  itself  will  not  ignite.  If  the 
temperature  is  increased  above  the  flashing  point  an  explosive 
mixture  will  be  formed  that  may  prove  to  be  dangerous. 

The  lowest  temperature  at  which  an  oil  will  take  fire  and 
bum  is  called  its  burning:  point.  The  burning  point  of  an 
oil  may  be  from  10*^  F.  to  76**  F.  higher  than  the  flashing  point; 
for  petroleum  oils  it  is  generally  from  40**  F.  to  60**  F.  higher. 
The  amount  of  vapor  given  off  by  an  oil  increases  rapidly  as  the 
temperature  is  raised  above  the  flashing  point  of  the  oil,  and 
if  the  temperature  of  the  oil  is  at  the  burning  point,  the  oil  will 
ignite  and  bum  also.  ,It  is  of  great  importance  to  remember 
that  an  oil  should  never  be  used  in  places  where  it  will  be 
subject  to  temperatures  higher  than  its  flashing  point.  It 
should  be  remembered,  also,  that  the  nearer  the  temperature 
of  an  oil  approaches  its  flashing  point,  the  less  is  the  lubricative 
power  of  the  oil.  An  oil  may  be  a  very  good  oil  under  normal 
conditions,  and  yet,  should  the  part  it  is  lubricating  become 
hot,  it  may  be  totally  useless.  More  than  that,  it  may  even  be 
detrimental,  since  it  may  take  flre  and  bum,  in  which  case  the 
bearing  is  further  heated,  and,  besides,  a  residue  will  be  left 
that  will  cause  additional  trouble. 

It  is  well  to  remember,  also,  that  while  a  cylinder  oil  will 
not  be  injured  by  being  subjected  to  a  moist  heat,  as  when 
introduced  into  the  steam  chest,  yet  it  deteriorates  rapidly 
when  subjected  to  a  dry  heat,  especially  at  high  temperatures. 


OILJNQ. 

14.     Quantity  of  Oil   Required   by  Varlotia  Farts. 

The  amount  of  oil  required  by  the  various  parts  of  an  engine 
will  depend  on  the  size  and  type  of  the  engine,  the  work 
performed,  the  time  occupied  in  doing  that  work,  the  conditions 
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under  which  the  engine  is  worked,  and  the  quality  of  the  oil  used. 
All  the  bearings  and  wearing  surfaces  should  be  oiled  with 
just  suflScient  oil  to  thoroughly  lubricate  them.  Heavy  consoli- 
dation engines  weighing  over  100  tons  require  far  more  oil  than 
do  the  light  eight-wheeled  engines  that  only  weigh  30  or 
40  tons,  for  they  have  more  bearings  to  oil  and  more  strain 
comes  on  each  bearing;  yet  the  attempt  is  often  made  to  make 
the  same  mileage  to  a  pint  of  oil  with  large  engines  as  with 
small  ones. 

A  heavy  freight  engine  with  small  drivers,  which  is  18  to 
24  hours  in  getting  over  a  division,  should  be  allowed  more  oil 
than  a  large-wheeled  engine  with  a  light  train,  which,  perhaps, 
is  only  7  or  8  hours  going  the  same  distance.  The  same 
rule  may  be  applied  to  the  use  of  valve  oil.  A  large,  heavy 
engine  with  a  slow  train  may  only  make  a  low  mileage  to  the 
pint  of  valve  oil,  while  a  light  engine  on  a  light  train,  and 
running  at  a  good  rate  of  speed,  would  have  no  trouble  in 
doubling  the  distance  to  the  pint. 

Engine  oil  may  be  used  to  advantage  in  the  main-rod  and 
side-rod  cups,  on  light  engines,  and,  in  some  cases,  on  heavy 
engines;  but,  as  a  general  rule,  the  main- rod  brasses  on 
heavy  engines  require  something  more  substantial.  Graphite 
can  be  mixed  with  the  oil  with  good  results,  but,  as  a  general 
thing,  valve  oil  or  grease  will  give  the  best  results. 

In  oiling  an  engine,  care  should  be  taken  not  to  overflow 
the  cups,  boxes,  etc.  In  oiling  tender  journals,  if  the  oil  is 
poured  in  toward  the  middle  of  the  box  and  along  the  side  of 
the  journal,  better  results  will  be  obtained  than  if  it  is  poured 
into  the  end  of  the  box,  provided  the  dust  guards  are  in  and 
in  good  condition.  By  keeping  the  cellars. and  oil  boxes  of  a 
locomotive  well  packed,  it  can  be  run  with  less  liability  of  hot 
boxes  and  cut  journals,  and  more  economy  will  be  shown  in  the 
amount  of  engine  oil  used. 

PACKING    BOXES. 

16.  Materials  Used  in  Packing. — The  material  used 
for  packing  boxes  should  consist  of  either  cotton  or  woolen 
waste  that  has  been  thoroughly  saturated  with  lubricating  oil. 
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long-fiber  waste  being  much  preferable  to  the  short-fiber. 
Waste  that  has  been  soaked  in  oil  for  several  days  will  give 
much  better  service  than  waste  that  has  been  soaked  for  a 
short  time  only,  for  the  reason  that  the  former  is  thoroughly 
saturated  with  oil  while  the  latter  is  not.  In  fact,  waste  should 
be  mixed  with  and  kept  under  oil  for  at  least  3  days  before 
using,  after  which  it  should  be  placed  on  a  wire  netting  to  allow 
the  excess  oil  to  drain  off.  Waste  should  not  be  swimming  in 
oil  when  used;  it  should  be  in  such  a  condition  that  the  oil 
will  just  ooze  out  when  it  is  subjected  to  light  pressure.  When 
carried  on  an  engine  ready  for  use,  packing,  or  dope,  as  it  is 
called,  should  be  kept  in  a  covered  bucket  made  for  the 
purpose,  in  order  that  cinders  and  grit  will  be  kept  out.  Among 
the  other  tools,  all  engines  should  have  a  set  of  packing  irons, 
which  consists  of  a  hook  for  pulling  the  packing  out  of  the 
boxes,  and  a  tool  to  be  used  in  pushing  the  packing  into  the 
boxes  and  around  the  journals. 

In  order  to  allow  the  brass  to  be  taken  over  the  collar  on 
the  end  of  the  journal  without  having  to  raise  it  too  high, 
an  iron  wedgo  or  key  is  placed  between  the  top  of  the  brass 
and  the  top  f  irtion  of  the  oil  box.  This  wedge  fits  behind 
a  lug  in  the  top  of  the  oil  box,  which  prevents  it  working  out. 
If  this  wedge  breaks  or  gets  out  of  place,  the  strain  on  the 
brass  will  be  unevenly  distributed  and  will  cause  it  to  run  hot 
at  once.  To  remove  a  wedge,  raise  the  box  high  enough  so 
that  the  wedge  will  slip  out  under  the  lug;  this  gives  room 
enough  to  lift  the  brass  over  the  collar.  After  replacing  a 
brass,  the  wedge  must  be  replaced  and  the  box  let  down  before 
packing.  One  or  two  spare  wedges  and  tender  brasses  should 
always  be  carried  in  the  tender  tool  boxes. 

In  packing  the  boxes  for  the  first  time,  the  space  below  the 
journal  should  be  filled  with  packing,  but  care  should  be  taken 
not  to  squeeze  it  in  hard,  for  there  is  such  a  thing  as  packing  a 
box  too  tightly.  When  too  much  packing  is  forced  into  a  box, 
it  is  wedged  against  the  bearing,  a  large  quantity  of  the  oil  is 
squeezed  out  of  it,  and,  as  a  result,  the  bearing  may  run  warm. 
In  packing  driving-box  cellars,  it  is  important  to  put  in  just 
sufficient  packing  to  insure  its  keeping  up  against  the  journal. 
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If  the  packing  used  oontams  too  much  oil,  it  will  remain  up 
around  the  journal  when  first  put  in,  but  as  soon  as  some  of  the 
oil  works  out,  the  packing  will  settle  in  the  cellar,  and  will  not 
fill  the  space  around  the  journal,  the  result  being  about  the 
same  as  though  the  box  were  not  packed  at  all.  A  great  many 
cellars  have  a  movable  plate  bolted  to  them  that  can  be  dropped 
down  the  length  of  the  slotted  holes  in  the  plate  by  simply 
slacking  off  the  nuts,  thus  making  the  cellars  easy  to  pack. 
After  the  cellar  is  packed,  the  plate  must  be  fastened  up  again, 
to  keep  the  packing  from  working  out.  Without  this  plate, 
the  cellar  should  come  down  and  the  packing  be  put  in  so  that 
it  will  not  roll  up  behind  the  journal  and  wedge  up  hard, 
causing  unnecessary  friction. 

16.  Packing:  Hot  Boxes  on  tlie  Road. — When  packing 
hot  boxes  on  the  road,  the  old  packing  had  better  be  removed 
and  the  box  repacked  with  new  dope.  After  packing  a  box, 
always  see  that  no  pieces  of  the  packing  hang  out  of  the 
box,  for  they  will  cause  a  waste  of  oil;  capillarity  will  cause 
the  oil  to  follow  the  waste  just  as  it  causes  the  oil  to  follow  the 
wick  of  a  lamp;  hence,  oil  will  slowly  run  out  of  the  box  and 
be  wasted.  Some  engine-truck  cellars  slide  in  and  out  so  that 
the  bolt  must  be  taken  out  in  order  to  pack  the  cellar;  on 
other  forms  of  truck  cellars,  the  cellars  drop  down  so  that  it 

is  only  necessary  to  take  out 
one  cellar  bolt  to  drop  the 
cellar.  The  quickest  way 
to  pack  the  latter  type  of 
engine-truck  cellars  is  to 
take  out  the  cellar  bolt  at  the 
end  of  the  cellar  furthest 
from  the  wheel  and  allow 
that  end  of  the  cellar  to 
drop  down;  then  there  will 
j^^  J  be  a  good  chance  to  take 

out  the  old  packing  and 
repack  the  cellar.  After  repacking,  the  cellar  can  be  raised 
into  place  by  means  of  a  small  bar  or  lever,  using  the  lower  bar 
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of  the  truck  frame  as  a  fulcrum.     After  replacing  the  cellar 

bolt,  secure  it  so  that  it  cannot  work  out. 
Sometimes   it  is  very 

diflBlcult  to  pull  down  a 

driving-box    cellar   after 

the  cellar  bolt  has  been 

removed.      In    such  an 

event  do  not  try  to  force 

it  down  by   driving  an 

iron    wedge    or    a    cold 

chisel    in    between     the 

edge   of   the    cellar   and 

the  journal,  because  you 

are  liable  to  damage  the 

journal.     The  best  plan 

is  to  use  a  cellar  remover 

similar  to  that  shown  in 

Fig.  3.    This  consists  of 

a   round   bar   of   ^inch 

steel  bent  into  the  form 

shown  in  the  figure.  One 

end  a  of  the  remover  is  placed  in  the  cellar-bolt  hole  on  the  left 

side,  and  the  arms  of  the  remover  are  then 
sprung  together  sufficiently  to  permit  the 
end  b  to  enter  the  cellar-bolt  hole  at  the 
right,  as  shown  in  Fig.  4.  A  block  can 
then  be  placed  between  the  two  ends  of 
the  remover  to  prevent  their  slipping  out, 
and  a  bar  used  to  pry  down,  using  the 
pedestal  brace  for  a  fulcrum.  A  very 
good  adjustable  cellar  remover  is  shown 
in  Fig.  5.  Of  course,  engines  are  not  pro- 
vided with  cellar  removers,  and  if  a 
driving-box  cellar  has  to  be  taken  down 
on  the  road,  some  other  means  will  have 
to  be  used.  Sometimes  a  long  ^-inch 
bolt  can  be  bent  so   as  to  have  a  hook 

on  one  end  and  a  handle  on  the  other,  which  can  then  be  used 


Fio.  4. 


Fio.  6. 


16  LOCOMOTIVE  MANAGEMENT.  §9 

to  pull  down  the  cellar.  When  it  has  been  taken  down,  pack  it 
in  the  same  way  that  you  would  an  engine-truck  cellar, 
although  as  a  general  thing  it  should  be  packed  tighter. 


PACKING    PISTON    RODS    AND    VALVE    STEMS. 

17.  As  the  use  of  metallic  packing  for  valve  stems  and 
piston  rods  has  gradually  grown  into  general  favor,  the  use 
of  the  old-style  fiber  packing  has  gradually  been  discontinued. 
However,  many  engines  still  have  the  old-style  fiber  packing, 
and,  therefore,  a  few  words  regarding  its  use  will  not  be  out  of 
place.  Hemp,  rubber,  soapstone,  and  asbestos  are  substances 
commonly  used  for  this  purpose,  and,  in  most  cases,  give  good 
results  if  used  properly.  The  great  secret  of  making  fiber 
packing  steam-tight  lies  in  its  not  being  squeezed  too  tightly 
in  the  stuffingbox.  If  a  rod  is  packed  too  tightly,  friction 
will  soon  cause  the  rod  to  heat  and  char  or  burn  the  packing, 
and  the  result  will  be  leaky  packing.  Putting  new  packing  in 
on  top  of  the  charred  packing  will  not  help  matters  much. 
On  the  other  hand,  if  the  packing  is  put  in  properly  and  the 
gland  is  not  screwed  up  too  tightly,  the  rod  will  not  heat  and 
the  packing  will  remain  steam-tight  for  a  long  time.  As  it 
becomes  necessary,  the  gland  can  be  tightened  up,  and  after  it 
has  been  tightened  a  few  times,  another  ring  or  two  of  packing 
may  be  added  with  good  results.  Rubber  and  hemp  make 
very  good  packing,  and,  as  a  general  rule,  will  give  the  best 
service  if  properly  used. 

18.  The  best  way  to  pack  piston  rods  is  as  follows:  Place 
the  side  that  requires  packing  on  either  quarter,  with  the 
reverse  lever  in  mid-gear;  set  the  brake,  or  else  block  the 
driving  wheels;  then  take  the  nuts  off  the  gland  studs,  taking 
care  to  place  each  nut  as  it  is  taken  off  in  such  a  position  as 
to  insure  the  nuts  being  put  back  on  their  proper  studs;  next 
pull  out  the  gland  and  slip  it  back  on  the  rod  near  the  cross- 
head,  then  give  the  engine  a  little  steam  and  move  the  reverse 
lever  so  as  to  uncover  the  steam  port  to  the  back  end  of  the 
cylinder  to  blow  the  old  packing  out  clean.  If  the  neck  ring 
comes  out,  it  can  be  punched  back  into  place  with  the  packing 
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iron.  The  material  used  for  packing  should  be  just  large 
enough  to  fill  the  space  between  the  rod  and  the  sides  of  the 
stuffingbox,  and  should  be  put  into  the  stuffingbox  in  the 
form  of  a  ring.  The  packing  should  be  well  oiled  before  it  is 
put  in,  and  if  a  little  flake  graphite  is  used,  in  addition  to  the 
oil,  it  will  have  a  good  effect.  As  each  ring  is  put  in,  it  should 
be  pushed  as  far  into  the  stuffingbox  as  it  will  go,  care  being 
taken  to  break  joints  with  each  ring.  When  the  stuffingbox  is 
full,  the  gland  may  be  screwed  up  moderately  tight  and  the  jam 
nuts  tightened  so  that  they  cannot  work  off. 

When  rubber  rod  packing  is  used,  a  ring  of  hemp  or  wicking 
should  be  placed  between  the  last  rubber  ring  and  the  gland, 
in  order  to  keep  the  rod  clean.  Valve  stems  should  be  packed  in 
a  similar  way. 

The  life  of  the  rod  packing  will  be  lengthened  considerably 
if  the  rods  are  kept  well  lubricated  by  means  of  a  swab. 

19.  A  throttle- valve  stem  may  be  packed  in  the  same 
manner  as  a  piston  rod  or  valve  stem.  Good  results  can  be 
obtained  by  cutting  washers  out  of  rubber  hose.  They  should 
be  cut  so  as  to  just  slip  over  the  stem,  and  should  fill  the  space 
between  the  stem  and  the  sides  of  the  stuffingbox.  The 
washers  should  be  soaked  in  oil  and  graphite  before  being  put 
in  place.  Rubber  packing  is  objectionable  where  iron  throttle 
stems  are  used,  for  the  reason  that  the  sulphur  in  the  rubber 
attacks  the  iron  and  pits  it.  With  brass-covered  throttle  stems, 
however,  this  pitting  does  not  occur.  Tea  lead  and  asbestos  in 
alternate  layers  makes  a  good  packing  for  either  brass  or  iron 
stems,  as  it  wears  well  and  will  withstand  the  increased  tem- 
perature of  the  high  steam  pressures.  To  pack  a  throttle-valve 
stem,  the  throttle  lever  may  have  to  be  disconnected. 

20.  Packingr  Cab  Fixtures. — Asbestos  wicking  is  about 
the  best  material  to  use  for  packing  the  stems  of  the  various 
cab  fixtures,  such  as  injectors,  steam  valves,  etc.  After  the 
gland  nut  has  been  taken  off  and  the  old  packing  removed, 
the  asbestos  wicking,  which  previously  should  have  been 
saturated  with  oil  and  graphite,  should  be  wound  around  the 
spindle  and  forced   into  place   until   the   stuffingbox  is   full; 
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then  Bcrew  the  gland  nut  just  a  little  tighter  than  it  can  be 
done  with  the  hand.  If  the  nut  goes  down  quite  a  distance,  it 
is  best  to  take  it  off  again  and  put  a  little  more  packing  in  the 
stuffingbox.  Never  tighten  the  nut  so  that  the  spindle  cannot 
be  turned  easily.  Another  good  way  to  pack  globe-valve  stems 
and  injector-ram  stems  is  to  first  put  a  ring  of  asbestos  in  the 
bottom  of  the  stuflSngbox,  fill  the  box  nearly  full  of  graphite, 
and  put  another  ring  of  asbestos  on  top  of  this;  the  gland  nut 
is  then  screwed  down  until  it  feels  solid.  This  will  make  a 
perfectly  steam-tight  packing,  and  if  it  does  start  to  blow  a  little 
it  can  be  made  tight  again  by  tightening  the  gland  a  little. 

After  asbestos  packing  has  been  in  use  for  some  time  it 
becomes  hard  and  will  leak.  When  in  this  condition  it  can  be 
softened  and  made  tight  by  taking  off  the  gland  nut  and  satu- 
rating the  packing  with  oiL 


CARE  OF  METAXXJC  PACKINO. 

21.  To  obtain  the  best  results  from  the  use  of  metallic 
packing,  the  rods  should  be  in  good  condition  before  the 
packing  is  put  in,  otherwise  both  the  time  and  the  material 
will  be  wasted,  for,  in  this  case,  this  packing  cannot  be  kept 
from  blowing.  Even  when  the  packing  is  in  good  condition 
when  it  is  put  in,  it  must  receive  proper  care  in  order  to  insure 
the  best  results.  If  metallic  packing  is  allowed  to  run  without 
being  oiled,  it  will  soon  give  trouble.  The  best  way  to  oil  the 
packing  is  by  means  of  a  swab  that  is  supplied  with  oil  from  a 
cup  provided  for  the  purpose.  As  the  piston  rod  or  valve 
stem  moves  back  and  forth  through  the  oily  swab,  it  is  kept 
clean  and  thoroughly  oiled.  Some  makes  of  metallic  packing 
are  equipped  with  a  regular  swab  cup.  A  very  good  swab  may 
be  made  for  engines  not  equipped  with  swab  cups  by  winding 
some  wicking  on  a  piece  of  wire  and  fastening  the  wire  to 
the  gland  nuts  in  such  a  way  that  the  swab  will  lay  on  the 
rod  or  valve  stem.     This  form  of  swab  must  be  oiled  by  hand. 

22*  Worn  Packing:. — When  metallic  packing  has  been 
in  use  for  some  time  and  begins  to  blow  a  little,  it  indicates 
that  the  packing  rings  have  worked  around  until  they  do  not 
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break  joints,  or,  have  worn  until  they  are  slightly  larger  than 
the  rod;  in  the  latter  case  the  ends  of  the  rings  should  be  filed 
off  a  little  to  allow  them  to  close  around  the  rod  again. 
The  one  thing,  however,  that  will  add  most  to  the  life  of 
metallic  packing  is  to  keep  it  well  oiled.  Close  observation 
will  always  show  that  the  rod  packing  on  an  engine  that  receives 
a  liberal  amount  of  valve  oil  through  the  lubricator  lasts  much 
longer  than  the  packing  on  engines  on  which  the  valve-oil 
supply  is  limited.  Experience  teaches  also  that  valve  oil  on 
swabs  gives  much  better  results  than  engine  oil 


FAHiTJRE    OF    METALLIC    PACKIKO. 

23.  In  the  event  of  a  rod  packing  failing  when  the  engine 
is  only  a  short  distance  from  the  end  of  the  run,  the  best  thing 
to  do  is  to  proceed  with  the  train  and  let  the  packing  blow. 
If  the  blow  is  on  the  right  side,  the  escaping  steam  may  obstruct 
the  engineer's  view  somewhat;  still  if  he  exercises  care  and  uses 
good  judgment  he  can  get  the  train  in  with  less  delay  than 
would  occur  if  he  stopped  to  fix  the  packing.  However,  if  it 
fails  some  distance  from  a  terminal,  something  must  be  done 
to  prevent  the  packing  from  blowing.  If,  fortunately,  there 
are  some  packing  rings  in  the  tool  box,  take  off  the  gland  and 
replace  the  worn-out  rings;  but  if  no  rings  are  at  hand,  some- 
thing else  will  have  to  be  used  to  replace  the  worn-out  or 
broken  packing  rings.  If  it  is  found  that  one  of  the  packing 
rings  is  serviceable,  leave  it  in  the  vibrating  cup,  and  fill  the 
remaining  space  with  wicking,  asbestos,  or  anything  of  that 
nature  that  is  at  hand;  then  replace  the  gland,  and  the  follower 
and  the  spring  will  keep  the  packing  in  place.  If  it  is  found 
that  all  of  the  rings  are  useless,  remove  them  and  fill  the 
vibrating  cup  with  wicking  or  whatever  you  have  at  hand. 
In  this  event,  it  is  a  good  plan  to  use  a  piece  of  bell  rope  in 
place  of  the  first  ring,  because  it  is  not  as  liable  to  blow  out  as 
wicking  or  other  material.  If  the  vibrating  cup  is  broken,  it 
must  be  taken  out  and  all  the  space  between  the  cone  ring 
and  the  follower  filled  with  some  kind  of  fiber  packing. 
Should  this  ring  be  broken  (which  very  seldom  occurs),  let 
it  remain  where  it  is  unless  all  broken  to  pieces.     In  that 
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event  take  out  the  pieces,  if  they  have  not  already  come  out,  and 
let  the  vibrating  cup  butt  against  the  inside  of  the  gland. 
If  the  follower  ring  breaks  and  gets  out  of  place,  all  that  can  be 
done  is  to  let  the  spring  rest  against  the  packing  rings.  The 
above  applies  to  both  valve-stem  and  piston-rod  packing. 
If  Harthan's  metallic  packing  is  used  and  the  rings  become 
entirely  useless,  remove  the  gland  and  take  them  all  out; 
then  pack  the  stuiiingbox  full  of  fiber  packing,  bell  cord,  waste, 
old  overalls,  or  anything  at  hand  that  will  serve  the  purpose, 
and  replace  the  gland. 

24.  If  the  copper  gaskets  between  the  gland  and  the  stuff- 
ingbox  of  any  style  of  metallic  packing  permit  the  joint  to 
leak  very  badly,  they  may  be  replaced  temporarily  by  a  piece 
of  thin  rubber  packing.  Take  a  piece  of  thin  sheet  rubber 
large  enough  to  make  the  joint  and  cut  a  hole  in  it  as  large  as 
the  stufTingbox;  then  cut  the  rubber  so  that  it  can  be  slipped 
on  over  the  rod.  Loosen  the  nuts  on  the  gland  studs,  take  out 
the  defective  copper  gaskets,  put  the  rubber  gasket  in  its  place, 
and  tighten  the  nuts  again.  In  most  cases,  this  will  make  a 
good  joint. 

CAKE    OF   HEADLIGHTS. 

25*  In  some  cases  headlights  have  been  in  use  for  so  many 
years  and  have  been  reduced  to  such  a  condition  that  it  is  a 
very  difficult  matter  to  obtain  anything  like  satisfactory  results 
from  them;  still,  if  they  are  properly  cared  for  and  skilfully 
handled,  even  old  headlights  may  be  made  do  fairly  satis- 
factory work.  With  modem  headlights,  there  is  very  little 
excuse  for  their  not  giving  satisfaction,  provided  they  receive 
proper  care  and  attention.  If  the  wick  is  allowed  to  become 
too  short  before  being  replaced,  the  lamp  may  bum  all  right 
during  the  early  part  of  the  night,  while  the  reservoir  is  full  of 
oil,  but  as  the  oil  gets  low  the  light  will  grow  dim  and  finally 
go  out.  In  this  event,  the  quickest  way  out  of  the  difficulty  is 
to  refill  the  oil  reservoir;  but  a  new  wick  should  be  put  in  at 
the  first  opportunity.  To  do  this,  turn  the  old  wick  up  as  high 
as  it  will  go  and  then  pull  it  out.  Take  the  remains  of  the  old 
wick  from  the  wick  holder  and  put  a  new  one  in  its  place. 


§9  LOCOMOTIVE  MANAGEMENT.  21 

To  replace  a  wick,  secure  the  lower  end  of  the  wick  to  the  wick 
holder  by  sewing  or  by  winding  it  with  thread,  being  careful  to 
leave  no  knots.  The  lower  end  of  the  wick  should  come 
against  the  shoulder  of  the  wick  holder,  which,  usually,  is 
about  i  inch  from  the  bottom  edge  of  the  holder.  If  the 
wick  is  of  canton  flannel,  it  should  be  wrapped  around  the 
holder  twice,  so  as  to  give  about  the  proper  thickness.  A  piece 
of  writing  paper  rolled  in  with  the  flannel  improves  the  wick,  as 
it  prevents  the  wick  from  wrinkling,  in  consequence  of  which  it 
burns  more  evenly.  The  wick  should  be  wound  around  a  small 
round  piece  of  wood,  coflomonly  known  as  the  vdck  stick,  or 
former,  to  prevent  the  wick  getting  wrinkled.  Where  the  wick 
is  made  of  a  felty  substance,  it  is  a  good  plan  to  first  put  it 
on  the  wick  stick  and  tap  it  lightly  all  over  before  attaching  to 
the  wick  holder.  This  will  have  a  tendency  to  make  it  thinner 
and  less  liable  to  bind  or  stick  fast  when  being  put  into  the 
tube.  When  putting  the  wick  into  place  be  sure  that  the 
ratchet  on  the  lower  edge  of  the  holder  goes  into  the  proper 
place,  so  that  the  wick  can  be  raised  or  lowered  by  means  of 
the  cogged  wheel.  After  the  wick  has  been  lowered  as  far  as 
it  will  go,  the  portion  that  remains  above  the  tube  can  be 
trimmed  off  level  with  a  sharp  knife,  or,  if  no  oil  has  been  put 
on  the  wick,  it  may  be  burned  oflf  with  a  red-hot  flat  piece  of 
iron,  the  latter  method  being  preferable. 

A  headlight  wick  should  never  be  turned  down  to  put  out 
the  light,  as  it  spoils  the  wick;  always  blow  out  the  light. 

When  the  headlight  is  used  regularly  every  night,  the  wick 
should  be  trimmed  daily.  To  trim  a  wick,  take  off  the  burner 
and  remove  the  button,  then  rub  off  the  charred  part  of  the 
wick  with  the  fingers.  To  insure  a  good  light,  the  burned  end 
of  the  wick  must  be  kept  perfectly  level. 

26.  Lampblack  will  be  found  a  good  material  for  cleaning 
and  polishing  the  reflector.  There  are  several  preparations  on 
the  market  for  doing  this  work,  but  they  cost  considerable 
money  and  cannot  do  the  work  much  better  than  common 
lampblack,  which  is  furnished  by  all  railv/ay  companies.  To 
clean  a  reflector,  first  remove  the  lamp  chimney  and  burner  and 
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then  wipe  off  the  reflector  with  a  piece  of  clean,  dry  cotton 
waste.  Saturate  a  small  piece  of  this  waste  with  kerosene  oil, 
shake  some  lampblack  on  it,  and  rub  this  over  the  reflector 
thoroughly  until  all  the  tarnish  is  removed.  A  reflector  should 
always  be  rubbed  straight  out  towards  its  edge;  it  never 
should  be  rubbed  in  a  circle  or  around  the  reflector  as  so 
doing  affects  its  reflecting  power.  Afterwards  wipe  off  the 
lampblack  and  oil,  and  polish  the  reflector  with  clean  waste  and 
a  little  dry  lampblack. 

27.  In  order  to  obtain  the  best  results  from  a  headlight 
it  should  be  turned  up  as  high  as  possible  without  smoking. 
In  case  the  lamp  does  smoke,  the  reflector  should  be  taken  out 
and  the  case  thoroughly  cleaned  out.  If  it  is  found  that  the 
ventilator  at  the  top  is  partially  stopped  up  with  soot,  it  may  be 
blown  out  by  means  of  compressed  air,  or  cleaned  out  with  a 
stick  wrapped  around  with  waste. 

It  was  shown  in  Locomotive  Boilers,  Tsixt  1,  that  the  function  of 
a  lamp  chimney  is  to  produce  an  upward  draft  of  air  and  deflect 
it  against  the  flame,  in  order  to  furnish  a  sufficient  supply  of 
oxygen  to  consume  all  the  carbon  while  it  is  at  a  white  heat  in 
the  flame.  Also,  it  was  shown  that  if  by  any  means  the  draft  is 
reduced  so  that  sufficient  oxygen  is  not  supplied,  smoking  will 
result  and  the  light  will  bum  dimly.  It  thus  will  be  seen  that 
if  the  air  passages  of  a  headlight  are  allowed  to  become  stopped 
up,  the  lamp  will  smoke  and  bum  poorly.  In  the  headlight, 
a  current  of  air  passes  up  through  the  wick  tube  and  supplies 
oxygen  to  the  inside  of  the  flame,  being  deflected  against  it  by 
means  of  the  button.  A  current  of  air  is  also  deflected  against 
the  outside  of  the  flame  by  the  action  of  the  lamp  chimney. 
If  these  currents  of  air  are  not  properly  adjusted,  the  lamp  will 
not  bum  properly.  If  the  draft  holes  in  the  bottom  of  the  case 
are  opened  too  wide,  there  will  be  too  great  a  draft  and  the 
flame  will  bum  up  too  high,  especially  when  running.  If  the 
draft  holes  are  opened  too  little,  the  light  will  bum  dimly 
and  smoke  for  want  of  air.  If  the  wick  works  down  when  the 
engine  is  running,  pack  the  wick  lifter  gland  a  little  tighter,  so 
as  to  make  it  more  solid.     If  the  gland  is  not  constmcted  so 
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that  it  can  be  repacked  readily,  use  a  thicker  wick.  To  guard 
against  the  wick  working  up,  first  turn  it  up  high  after  lighting 
and  then  lower  it  until  the  flame  is  just  right.  This  trouble  is 
due  usually  to  a  wrinkle  in  the  wick,  which  gradually  straightens 
out,  and  lengthens  the  wick  after  it  has  been  turned  up  to  the 
proper  height.  A  wick  that  is  too  loose  will  cause  the  flame  to 
jump  up  and  down  when  running,  and  the  lamp  is  liable  to 
smoke. 

When  replacing  a  wick,  empty  the  oil  that  is  in  the  reservoir 
through  the  wick  tube,  so  as  to  clean  out  any  sediment  that 
may  be  in  the  oil  passage. 

Care  should  be  taken  to  prevent  water  getting  into  the  oil 
reservoir,  for  the  reason  that  the  water,  being  heavier  than  the 
oil,  sinks  to  the  bottom  of  the  reservoir,  and  into  the  tube  that 
leads  to  the  wick  holder;  the  oil  will  float  on  this  water,  which, 
consequently,  will  prevent  the  oil  from  reaching  the  wick,  and 
the  lamp  will  go  out.  In  order  to  guard  against  this  trouble, 
the  kerosene  can  should  always  be  kept  covered  so  as  .to  prevent 
snow  or  water  getting  into  it.  Signal  oil  should  never  be  used 
in  a  headlight,  for  the  reason  that  it  will  not  burn.  Kerosene 
oil  only  should  be  used,  and  the  better  the  quality  of  the  oil,  the 
better  the  light. 

NECESSARY    TOOI^    FOR    L.OCOMOTTVES. 

28.  The  conditions  existing  on  the  different  roads  through- 
out the  country  are  so  varied  that  both  the  kind  and  the  number 
of  tools  to  be  provided  for  emergencies  must  necessarily  vary 
somewhat,  and  the  proper  tools  to  carry,  including  lamps,  etc., 
in  any  case,  are  those  called  for  by  the  rules  and  regulations 
of  the  road.  However,  in  general  practice,  it  will  be  found 
profitable  to  equip  each  road  engine  with  the  following  toolrf 
with  which  to  cope  with  breakdowns  and  other  emergencies: 
A  hard  hammer,  soft  hammer,  alligator  wrench,  15-inch 
monkeywrench,  setscrew  wrench  for  eccentric  setecrews,  rod- 
setscrew  wrench,  rod- bolt  wrench,  crankpin  nut  wrench,  and  a 
pedestal-brace  bolt  wrench.  Also,  a  cold  chisel,  a  cape  chisel, 
an  axe,  a  &J-foot  pinch  bar,  and  a  piece  of  chain  about  6  feet 
long,  having  a  diamond  hook  at  one  end.     A  valve-stem  clamp 
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of  suitable  design  should  be  provided  to  hold  the  valve  in 
mid-position  in  case  the  rods  have  to  be  taken  down.  Also, 
a  set  of  iron  blocks  to  fit  on  top  of  driving  boxes  under  the 
frames,  to  be  used  in  case  of  a  broken  spring  or  hanger. 
A  12- inch  jack  for  raising  tender  journal-boxes,  in  case  it 
becomes  necessary  to  put  in  a  new  brass,  or  for  raising  broken 
axles,  etc.  Also,  it  will  be  found  advantageous  to  supply  a 
couple  of  wedges  4  or  5  inches  square  and  3  feet  long,  guide-bar 
blocks  for  blocking  the  crosshead,  and  blocks  for  blocking  the 
links.  The  tools  for  firing  should  consist  of  a  scoop,  pick, 
scraper  or  hoe,  long  poker,  slash  bar,  rake,  and  a  bar  or 
wrench  for  working  the  grate  bars.  These  tools  should  have 
their  proper  place  on  the  tender  and  should  be  kept  there  when 
not  in  use.  In  addition  to  the  above  tools,  an  engine  should  be 
supplied  with  two  spring- valve  engine  oilers,  one  wide-mouthed 
valve-oil  can,  and  a  tallow  pot  in  which  to  warm  the  valve  oil 
before  filling  the  lubricatoi*s;  also,  one  kerosene-oil  can,  one 
signal-oil  can,  one  engine-oil  can,  two  torches,  the  requisite 
number  of  torpedoes,  one  whit«  and  one  red  lantern,  four 
blizzard  lamps,  two  for  on  front  of  engine  and  two  for  on  rear 
of  tender;  also,  the  proper  flag  signals  to  be  used  in  day  time, 
namely,  two  white,  four  green,  and  one  red  flag.  A  flag  box 
should  be  provided,  in  which  the  flags  can  be  carried  and  kept 
clean  when  not  in  use.  Extra  water  glasses  and  lubricator 
glasses  and  rubber  gaskets  for  the  same  should  be  carried  in  a 
safe  place,  and  proper  tools  provided  for  replacing  a  glass  in 
the  event  of  one  breaking.  A  couple  of  extra  tender  brasses, 
with  wedges,  and  one  engine- truck  brass  should  be  carried  also. 


MANAGTCMENT  OF  liOCOMOTIVES. 

T>TTTIES    OF    ENGIX1EER   BEFORE    ATTACHING    HIS   ENGFJO: 

TO    THE    TRAIN. 

29,  The  first  thing  that  an  engineer  should  do  when 
arriving  at  an  engine  house,  if  the  pooling  system  is  in  vogue, 
is  to  ascertain  which  engine  he  is  to  take  out;  he  should  then 
examine  the  work  book  to  see  if  any  work  had  been  reported 
on  that  engine,  and  must  examine  the  bulletin  board  to  acquaint 
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himself  with  any  new  orders  that  have  heen  issued  since  he 
last  saw  it. 

When  the  engineer  arrives  at  his  engine  he  should  assure 
himself  that  the  work  reported  has  been  properly  performed, 
and  then  he  should  determine  the  amount  of  water  in  the 
boiler  and  try  the  water  glass  and  the  water-gauge  cocks  to 
see  if  they  are  in  proper  working  order.  The  firebox  should 
l>e  examined,  also,  and  the  condition  of  the  crown  sheet  and 
tube-sheet  noticed,  as  well  as  the  condition  of  the  fire.  He 
should  see,  also,  that  the  engine  is  properly  supplied  with  coal, 
water,  and  sand,  and  that  the  necessary  tools,  fiags,  and  signal 
lamps  are  on  the  engine.  The  air  pump  should  be  started 
and  the  proper  pressure  pumped  up,  noting  whether  the  pump 
governor  and  feed- valve  regulate  the  pressures  properly.  Also, 
he  should  oil  the  engine,  and,  while  doing  this,  should  note  the 
condition  of  the  running  gear,  in  order  to  assure  himself  that 
everything  is  in  good  order.  The  oiling  should  be  done  just 
before  leaving  time,  as  better  results  will  be  obtained  than  if  it 
is  done  earlier. 

8TARTIXQ    TRArN8. 

30.  When  the  train  is  ready  and  the  conductor  gives  the 
signal  to  start,  the  engineer  should  answer  the  conductor's 
signal  with  two  short  blasts  of  the  whistle,  if  he  is  pulling  a 
freight  train,  or  by  ringing  the  bell  if  he  is  pulling  a  passenger 
train,  unless  the  rules. of  the  road  specify  otherwise.  After 
giving  the  required  signal,  the  engineer  should  place  the  reverse 
lever  in  full  gear  in  the  direction  he  is  to  go;  then,  if  the  start 
is  at  the  terminal  station  and  it  is  permissible,  he  should  open 
the  cylinder  cocks  to  allow  the  condensation  to  be  worked  out 
of  the  steam  passages  and  cylinders.  The  throttle  should  then 
be  opened  sufficiently  to  start  the  train  without  slipping  the 
drivers.  As  the  speed  increases,  the  reverse  lever  should  be 
gradually  hooke<l  up  toward  the  center,  until  it  rests  in  the 
proper  running  notch,  and  the  throttle  then  opened  an  amount 
depending  on  the  speed  and  weight  of  the  train. 

If  the  train  is  a  very  heavy  freight,  and  is  hard  to  start, 
the  slack  should  first  be  taken;   that   it?,  the  cars  should   be 
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bunched  together  bo  as  to  compress  the  drawbar  springs  and 
leave  no  space  between  the  buffers;  then,  when  the  engine  is 
started  forwards,  the  cars  are  started  one  after  the  other.  This 
method  will  enable  the  engine  to  start  a  train  that  it  could  not 
start  otherwise.  After  bunching  the  slack,  care  must  be  taken 
not  to  open  the  throttle  in  such  a  way  as  to  start  the  head  end 
of  the  train  too  quickly,  as  the  train  may  be  broken  in  two. 
Also,  it  is  important  that  the  slack  of  the  entire  train  is  taken 
up  before  starting  forwards,  since  if  the  slack  is  taken  up  on 
only  a  part  of  the  train  and  the  rear  end  is  stretched,  the  train 
may  be  snapped  in  two  as  soon  as  the  forward  movement 
reaches  the  stretched  portion.  Slipping  the  engine  should  be 
avoided,  and  if  the  train  cannot  be  started  otherwise,  the  rails 
may  be  sparingly  sanded. 

31.  When  the  engine  is  not  equipped  with  a  pneumatic 
Sander,  care  should  be  taken  not  to  open  the  sand  valves  wider 
than  is  nocessary,  and  as  little  sand  as  possible  should  be  used. 
Should  the  drivers  slip  while  starting  the  train,  do  not  use  sand 
to  stop  their  slipping,  because  it  will  tend  to  stop  the  slipping 
suddenly,  and  very  severe  strains  will  therefore  be  thrown  on 
the  crank  pins  and  rods.  If  the  engine  should  slip,  first  close 
the  throttle  sufficiently  to  stop  it,  then  use  sand,  and  gradually 
open  the  throttle.  By  proceeding  in  this  manner  you  are  not 
so  apt  to  damage  the  engine  or  break  the  train  in  two.  As  the 
train  is  slowly  set  in  motion,  the  engineer  and  fireman  should 
ascertain,  by  watching,  whether  the  whole  train  is  coming  (some 
of  the  couplings  may  be  broken  while  starting),  or  whether  any 
signal  is  given  from  the  rear  end  to  stop.  The  train  should 
always  he  run  slowly  and  carefully  until  all  the  switches, 
frogs,  and  crossings  of  the  yard  are  passed,  and  not  until  then 
and  after  the  engineer  has  seen  that  everything  is  in  order  and 
the  train  is  on  the  main  track,  should  he  increase  the  speed. 
Then,  as  the  speed  increases,  the  reverse  lever  should  be  hooked 
back  a  notch  or  two  at  a  time  until  the  steam  is  cut  off  at  the 
shortest  point  at  which  the  engine  will  do  its  work  properly  and 
most  economically. 

In  starting  passenger  trains,  it  is  necessary  to  get  the  train  up 
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to  speed  quickly,  especially  in  local  service  when  the  time 
is  fast  and  the  stops  close  together.  It  must  be  remembered, 
however,  that  it  is  not  good  policy  to  work  an  engine  too  hard 
in  getting  up  to  speed.  The  best  plan  is  to  make  time  when 
the  train  is  up  to  speed,  and  also  in  making  the  stops. 


CLIMBING    GRAI>ES. 

32.  Under  the  present  conditions  of  railroading,  where 
engines  are  required  to  pull  a  certain  number  of  tons,  r^ardless 
of  the  number  of  cars  in  the  train,  it  requires  good  judgment  in 
many  cases  to  get  up  heavy  grades  without  stalling.  If  a 
heavy  train  has  to  be  started  at  the  bottom  of  a  long,  steep 
grade  and  taken  over  the  top,  it  means  in  most  cases  that  the 
engine  will  have  to  be  worked  at  long  cut-oflf,  may  be  nearly  full 
stroke,  all  the  way  up.  Of  course,  if  the  engine  will  handle  the 
train  with  the  lever  hooked  up  a  few  notches,  it  should  be  given 
a  chance  to  do  so.  If  the  rails  are  slippery,  sand  should  be 
used,  but  care  should  be  taken  not  to  use  too  much.  If  there  is 
a  piece  of  level  track  or  a  slight  down  grade  before  the  hill  is 
reached,  the  best  thing  to  do  is  to  take  a  run  for  it  and  get  up 
as  much  speed  as  possible  before  striking  the  grade.  In 
taking  a  run  for  a  hill,  hook  the  reverse  lever  well  up,  and 
get  a  good.  ** swing"  on  the  train  before  reaching  the  foot 
of  the  grade;  when  the  grade  is  reached,  the  reverse  lever 
should  be  dropped  down  toward  the  corner  a  notch  or  two  at  a 
time,  as  it  becomes  necessary.  Where  this  plan  is  adopted,  it 
will  usually  prove  successful.  It  is  poor  practice  to  drop  the 
lever  four  or  five  notches  at  a  time,  and  this  practice  will  often 
result  in  stalling,  where  dropping  the  lever  down  gradually 
would  have  taken  the  train  up  and  over  the  grade. 


ECONOMY    IN    THE    USE    OF    STEAM. 

33,  The  subject  of  the  economical  use  of  steam  is  an 
important  one,  and  should  receive  very  careful  consideration 
from  enginemen,  since  an  engineer's  reputation  ns  an  economical 
runner  depends  to  a  great  extent  on  his  knowledge  of  this 
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subject.  In  order  that  an  engineer  may  get  the  best  results 
from  an  engine,  he  must  understand  how  to  handle  the  reverse 
lever  and  throttle  to  the  best  advantage.  There  are  several 
methods  of  increasing  or  diminishing  the  power  that  is  being 
exerted  by  a  locomotive,  and  the  engineer  should  understand 
these  methods,  and,  also,  which  one  would  be  the  most 
economical  to  use  under  a  given  set  of  conditions.  With  this 
knowledge  at  his  command,  the  engineer's  chance  of  a  good 
position  on  the  Performance  Sheet  is  greatly  increased. 

34.  When  an  engine  is  running  with  wide  open  throttle, 
and  it  becomes  necessary  to  increase  the  power  that  is  being 
developed,  the  reverse  lever  is  dropped  a  notch  or  two  toward 
the  comer,  as  needed,  until  the  proper  amount  of  power  is  being 
developed.  If  the  engine  is  running  with  the  throttle  partly 
closed,  however,  then  the  power  developed  can  be  increased 
by  gradually  opening  the  throttle,  and  if,  when  the  throttle  is 
wide  open,  still  more  power  is  required,  the  reverse  lever  can 
then  be  dropped  to  the  proper  notch  for  developing  the 
required  amount 

The  power  that  an  engine  is  developing  can  be  diminished 
either  by  partly  closing  the  throttle,  or  by  hooking  up  the 
reverse  lever  toward  the  center  notch  without  touching  the 
throttle.  In  the  first  case,  the  power  is  diminished  by  reducing 
the  pressure  of  the  steam  by  **  throttling,'*  the  same  volume  of 
steam  being  used  in  the  cylinders,  but  at  a  reduced  pressure. 
In  the  second  case,  the  power  is  diminished  by  reducing  the 
volume  of  steam  admitted  into  the  cylinders  without  reducing 
the  initial  pressure.  In  the  second  method,  the  steam  is  worked 
more  expansively;  hence,  under  most  conditions,  this  method 
will  prove  the  more  economical  of  the  two.  This  is  shown  by 
the  results  given  in  the  following  table.  If  steam  at  200  pounds 
absolute  pressure  is  admitted  to  a  cylinder  for  one-third,  or 
8  inches,  of  the  stroke  and  is  then  expanded  for  the  remainder 
of  the  stroke,  it  will  exert  an  average  effective  pressure  of 
125  pounds  per  square  inch  on  the  piston;  if  steam  at  140 
pounds  absolute  pressure  is  admitted  for  the  24  inches  of  the 
stroke  it  also  will  exert  an  average  gauge  pressure  of  126  pounds 
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per  square  inch,  so  that  in  both  cases  the  steam  will  do  the  same 
amount  of  work  each  stroke.  In  the  table,  therefore,  a  com- 
parison is  made  of  the  amounts  of  heat  and  water  used  when 
working  an  engine  at  the  8-inch  cut-oflf  with  steam  at  200 
pounds  pressure  absolute,  and  at  the  24-inch  cut-off  with  steam 
at  140  pounds  pressure  absolute. 

TABIiE    1. 


1. 

9. 

8. 

4. 

6. 

6. 

7. 

Cutoff 
Inches. 

Initial 

Presgure. 

(Absolute.) 

Ratio  of         u  v  T> 
Expansion.       M.E.P. 

• 

Work  Done. 
Foot-Pounds. 

Heat  Con- 
tained in 
Steam  Used. 

617.59 
1,298.62 

Water  Used 

in 

Doing  Work. 

Pounds. 

8 
24 

200 
140 

* 

3 
1 

125 
125 

31,800 
31,800 

.522 

1.118 

In  the  table,  column  1  shows  the  cut-off  of  an  engine  as 
working  8  inches  in  the  first  case  and  24  inches  in  the  second. 
Column  2  shows  the  initial  absolute  pressure  of  the  steam, 
which  is  200  pounds  absolute  (186  pounds  gauge)  in  the  first 
case,  and  140  pounds  absolute  and  125  pounds  gauge  in  the 
second  case.  When  working  at  8-inch  cut-off,  the  steam  is 
expanded  three  times,  as  noted  in  column  3,  whereas  the  ratio  of 
expansion  is  1  when  working  steam  full  stroke.  Column  4  gives 
the  mean  effective  pressure  in  both  cases,  which  is  125  pounds 
per  square  inch.  Column  5  shows  the  work  done  in  foot- 
pounds, which  is  the  same  in  each  case.  Column  6  shows  the 
number  of  heat  units  contained  in  the  steam  that  is  used  each 
stroke.  When  steam  is  used  expansively,  and  is  admitted 
at  200  pounds  absolute  pressure  for  only  8  inches  of  the  stroke, 
it  will  be  seen  that  617.59  heat  units  are  used  each  stroke; 
whereas,  if  the  steam  pressure  is  cut"  down  to  140  pounds  abso- 
lute, by  the  throttle  or  otherwise,  and  steam  is  used  for  24 
inches  of  the  stroke,  the  amount  of  heat  used  will  be  more  than 
twice  as  great,  or  1,298.62  heat  units.  Column  7  shows  the 
amount  of  water  used  in  each  case.  When  using  steam  at 
200  pounds  pressure,  and  at  8-inch  cut-off,  .522,  or  a  little  over 
J  pound,  of  water  is  used  each  stroke;   whereas,  if  steam  is 
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used  full  Btroke  at  140  pounds  preBsure,  more  than  twice  the 
amount  is  used,  or  1.118  pounds  each  stroke.  This  table, 
therefore,  shows  that  in  doing  the  same  amount  of  work,  under 
the  conditions  named  above,  only  about  one-half  the  heat 
and  one-half  the  water  would  be  used  if  working  at  the 
8-inch  cut-off  than  would  be  if  working  at  the  24-inch  cut-off. 
There  are  conditions,  however,  under  which  it  will  be  fomid 
advantageous  to  use  the  throttle  rather  than  the  reverse  lever  to 
diminish  the  power  exerted,  and  it  is  very  important  that  an 
engineer  should  know  where  to  use  one  method  and  where  to 
use  the  other. 

35.  Both  experience  and  experiments  show  that  consider- 
able more  work  can  be  done  with  a  given  amount  of  steam  if  it 
is  used  expansively  than  if  it  is  not.  The  expansive  property 
of  steam  is  capable  of  doing  work,  and  if  it  is  not  fully  made 

TABIiB    2. 


1. 


00  0 
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Initial  Pressure.           m 
(Absolute.) 

8. 

■ 

o 

o 
o 

1 

4. 

II 

S  c 

5. 

• 
• 

6. 

7. 

Work  Done. 
(Foot-Pounds.) 

Total  Heat  Contained. 

Heat  Units  at 

200  Lb.  PresBura. 

1.500 
1.560 
1.566 


200 

1 

200 

185 

47,064 

1,832.751 

200 

2 

100 

155 

78,864 

1,832.751 

200 

3 

66 

125 

95,400 

1,832.751 

200 

4 

50 

105 

106,848 

l,a32.751 

8. 

8. 

4* 

S 

a 

0 

n 

li 

o^ 

m^ 

S"3 

fldS 

|e 

i 

n 

n 

1,832.751 

0 

1,806.954 

25.797 

1,793.206 

39.545 

1,774.637 

58.114 

10. 


o 
o  . 


& 


a 
8 


1 

1.67 
2.02 
2.27 


use  of,  that  is,  if  the  steam  is  not  allowed  to  expand  and  do 
work,  this  expansive  energy  is  wasted.  Just  why  it  is  more 
economical  to  work  steam  expansively  will  be  seen  more  clearly 
by  comparing  the  total  heat  contained  in  a  given  quantity  of 
steam  used  expansively  and  the  amount  of  work  that  the 
steam  will  .do  in  the  cylinder,  with  the  total  heat  and  the 
amount  of  work  done  by  the  same  quantity  of  steam  that  is  not 


§9  LOCOMOTIVE  MANAGEMENT.  31 

used  expansively.  This  comparison  is  made  in  Table  2,  in 
which  we  compare  the  quantity  of  heat  used  and  the  amount  of 
work  done  by  the  same  amounts  of  steam  when  expanded  one, 
two,  three,  and  four  times,  respectively.  In  the  table,  column  1 
gives  the  quantity  of  steam  used  in  pounds,  which  is  the  same 
in  all  cases.  Column  2  shows  the  initial  pressure  to  be  200 
pounds  absolute  pressure.  Column  3  shows  the  ratios  of 
expansion.  Column  4  gives  the  pressure  after  expansion  or  at 
the  end  of  the  stroke.  Column  5  shows  the  mean  effective 
pressure  exerted  on  the  piston  in  each  case;  that  is,  the  average 
effective  pressure  throughout  the  stroke.  Column  6  shows  the 
work  done  in  foot-pounds.  Column  7  gives  the  total  heat  con- 
tained in  the  steam  at  200  pounds  pressure,  which,  of  course,  is 
the  same  in  all  cases.  Column  8  shows  the  amount  of  heat 
contained  in  the  steam  at  the  final  pressure.  Column  9  shows 
the  amount  of  heat  saved  by  expanding  the  steam.  The  quanti- 
ties in  this  column  are  obtained  by  subtracting  the  quantities  in 
column  8  from  1,832.751,  the  amount  of  heat  in  1.666  pounds 
of  steam  before  expansion.  Column  10  shows  the  comparison 
of  the  amounts  of  work  done  with  the  same  quantity  of  steam 
under  different  ratios  of  expansion. 

Comparing  column  3  with  column  8,  it  will  be  seen  that 
when  the  ratio  of  expansion  is  1,  the  amount  of  heat  contained 
in  the  steam  when  it  is  exhausted  to  the  atmosphere  is  1,832.751 
heat  units,  which  is  the  same  amount  as  is  contained  in  the 
steam  before  expansion;  hence,  all  heat  would  be  discharged  to 
the  atmosphere,  and  there  would  be  no  saving  (see  column  9). 
When  the  steam  is  expanded  twice,  the  pressure  will  be  reduced 
to  100  pounds  absolute  at  the  time  the  exhaust  opens,  and  the 
heat  then  contained  in  the  steam  will  be  1,806.954  heat  units, 
which  will  be  a  saving  of  25.797  heat  units  (see  column  9). 
When  steam  is  expanded  three  times,  the  final  absolute  pressure 
will  be  66  pounds  per  square  inch,  and  the  heat  contained  in 
the  steam  at  exhaust  will  be  1,793.206  heat  units;  hence,  39.546 
heat  units  will  be  saved,  since  it  was  made  do  work  in  the 
cylinder.  With  a  ratio  of  expansion  of  4,  the  pressure  in 
the  cylinder  just  before  exhaust  occurs  will  be  60  pounds  per 
square  inch  absolute,  and  the  amount  of  heat  then  contained 
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in  the  steam  will  be  1,774.637  heat  units,  and  there  will  be  a 
saving  of  58.114  heat  units  that  were  made  do  work  in  the 
cylinder.  The  amount  of  work  done  under  the  different  ratios 
of  expansion  will  be  seen  in  column  6,  while  column  10  shows 
that  if  we  take  as  unity  the  amount  of  work  performed  by  the 
steam  when  the  ratio  of  expansion  is  1,  the  amount  of  work 
done  by  the  steam  when  the  ratio  of  expansion  is  2  will  be  1.67 
times  as  great;  the  amount  of  work  done  by  the  steam  when 
the  ratio  of  expansion  is  3,  will  be  2.02  times  as  great;  while 
the  work  done  when  the  ratio  of  expansion  is  4,  will  be  2.27 
times  as  great.  The  table  shows,  therefore,  that  the  more  steam 
is  expanded,  the  greater  will  be  the  amount  of  its  heat  used 
in  doing  useful  work,  and  the  greater  will  be  the  amount  of 
work  the  steam  will  perform. 

Both  experience  and  experiments  prove  this  to  be  true  up 
to  a  certain  point,  and  it  has  been  found  that  great  saving  is 
effected  by  using  steam  expansively;  however,  as  the  ratio 
of  expansion  is  increased  beyond  a  certain  point,  it  is  found 
that  the  economy  decreases  greatly,  and  if  carried  to  excess, 
expansion  will  prove  more  wasteful  than  non-expansion.  This 
is  due  to  the  fact  that  condensation  increases  very  rapidly  in 
the  cylinders  at  very  short  cut-offs. 

36.  That  it  is  always  economical  to  work  steam  expansively 
has  been  fully  established,  and  there  is  no  doubt  on  that  score; 
just  how  far  to  expand  the  steam,  however,  is  the  point  that 
must  be  considered  and  decided  by  the  engineer  when  he  gets 
an  engine.  The  point  at  which  steam  should  be  expanded  to 
obtain  the  greatest  economy  may  not  be  the  same  in  any  two 
engines  and  may  vary  somewhat  with  the  speed,  and  it  must 
be  determined  for  each  engine.  For  example,  the  6-inch 
cut-off  may  be  the  most  economical  for  one  engine  while  the 
8-inch  may  be  for  another,  and  it  is  only  by  trial  and  careful 
observation  that  the  most  economical  point  of  cut-off  can  be 
determined.  A  good  plan  to  follow  in  the  use  of  the  reverse 
lever  and  throttle  is  as  follows:  After  starting  the  train,  open 
the  throttle  wide  and  handle  the  engine  by  means  of  the 
reverse  lever   until   the   lever   is  cut  back  to  the  notch  that 
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experience  shows  gives  greatest  economy  for  the  speed;  then, 
if  necessary  to  further  decrease  the  power  being  exerted  by  the 
locomotive,  reduce  the  power  by  partly  closing  the  throttle. 
In  other  words,  keep  the  throttle  wide  open  and  handle  the 
train  by  means  of  the  reverse  lever  as  long  as  it  is  below  the 
notch  that  gives  the  greatest  economy  for  the  speed  and  weight 
of  train;  but  when  it  is  in  the  notch  that  gives  the  greatest 
economy,  handle  the  train  by  means  of  the  throttle.  Also, 
it  will  be  found  good  practice  to  always  carry  the  reverse 
lever  as  near  to  the  notch  of  greatest  economy  as  possible  and 
still  handle  the  train  at  the  proper  speed,  for  the  more  the 
steam  can  be  expanded  below  that  point,  the  greater  will  be 
the  resulting  saving.  By  this  method  of  handling  the  reverse 
lever  and  the  throttle,  the  greatest  economy  can  be  obtained. 
However,  the  point  or  notch  that  will  show  the  greatest  economy 
must  be  determined  for  each  engine,  and  if  an  engineer  handles 
the  same  engine  for  any  length  of  time  he  will  soon  determine 
the  best  point  of  cut-oflf. 

In  the  pooling  system,  an  engineer  may  not  have  the  same 
engine  twice  in  several  weeks,  so  that  it  is  a  difficult  matter  to 
determine  the  cutroff  of  greatest  economy.  As  a  rule,  for  the 
faster  speeds  it  will  probably  be  found  in  simple  engines  between 
the  8-inch  and  6-inch  cut-offs,  but  is  seldom,  if  ever,  above 
the  6-inch  cut-off.  When  taking  a  strange  engine,  then,  prob- 
ably the  best  plan  of  procedure  will  be  to  carry  a  wide-open 
throttle  and  handle  the  train  by  the  reverse  lever  at  fast  speeds 
as  long  as  the  reverse  lever  is  at  or  below  the  8-inch  cut-off, 
and  if  it  becomes  necessary  to  reduce  the  power  that  is  being 
developed,  with  the  reverse  lever  in  the  8-inch  cut-off,  partially 
close  the  throttle 

In  determining  the  positions  in  which  the  reverse  lever  and 
throttle  are  to  be  carried,  the  engineer  must  take  into  consider- 
ation the  speed  and  weight  of  the  train,  the  profile  of  the  road, 
and  the  steaming  qualities  of  the  engine,  and  their  positions 
therefore  must  depend  on  his  judgment.  He  should  bear  in 
mind,  however,  that  the  best  results  will  be  obtained  by 
working  the  steam  as  expansively  as  is  possible  under  the 
conditions. 
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APPBOACHIKO    STATIONS. 

37.  When  approaching  stations  where  stops  are  to  be 
made,  the  engineer  should  take  into  consideration  the  nature 
of  the  grades  and  other  conditions  when  calculating  on  the 
stops,  and  should  shut  off  steam  far  enough  from  the  station 
to  permit  the  train  being  brought  to  a  standstill  at  the  proper 
point  by  means  of  an  ordinary  application  of  the  brakes. 
The  pmctice  of  running  into  stations  at  a  high  rate  of  speed, 
and  stopping  at  the  right  place  by  applying  the  brakes  to  their 
full  capacity,  is  a  risky  one.  On  some  fast  trains  it  may  be 
necessary  to  run  at  high  speed  as  close  as  possible  to  the  station, 
in  order  to  make  the  time,  but  ordinarily  it  is  not  advisable. 

As  a  train  approaches  a  station  at  which  it  is  not  timed  to 
stop,  the  speed,  in  most  cases,  should  be  reduced  and  a  sharp 
lookout  kept  for  signals,  etc.  that  may  be  displayed.  At 
stations  where  semaphores  are  provided,  all  trains  should  be 
prepared  to  stop  in  the  event  of  the  signal  being  against  them. 

38.  The  whistle  should  be  blown  at  the  prescribed  distance 
from  the  station,  usually  at  the  whistle-signal  board,  and  the 
fire  should  be  allowed  to  burn  down  a  little  before  the  throttle 
is  closed,  so  as  to  prevent  steam  from  escaping  at  the  pop- 
valve.  Also,  as  soon  as  the  throttle  is  closed,  the  dampers 
should  be  shut,  if  necessary,  to  prevent  popping.  A  fresh 
fire  should  not  be  put  in  engines  burning  soft  coal  just  before 
the  engine  is  shut  off,  as  it  is  not  needed  then,  and  a  large  cloud 
of  black  smoke  will  be  made. 

If  the  approach  to  the  station  is  made  through  a  town,  the 
bell  should  be  rung  continuously  to  warn  persons  that  may 
have  occasion  to  cross  the  tracks  that  a  train  is  approaching. 

39.  On  freight  trains  where  stops  are  made  by  means  of 
the  hand-brakes,  good  judgment  must  be  exercised  in  deter- 
mining the  point  at  which  to  shut  off  steam.  This  should 
be  done  early  enough  to  give  the  brakemen  a  chance  to  stop 
the  train  at  the  proper  point.  Many  railway  companies  have 
special  rules  that  allow  freight  trains  to  run  past  stations 
and  through  yards  at  a  speed  of  only  6  or  8  miles  per 
hour;  passenger  trains  are  usually  not  affected  by  such  rules. 
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When  the  throttle  valve  is  closed  and  the  engine  is  drifting,  the 
reverse  lever  should  always  be  moved  toward  full  gear  in 
whichever  direction  the  engine  is  running. 


MAKTNO    STOPS. 

40.  On  some  runs  where  the  time  is  fast  and  the  stops 
close  together,  advantage  must  be  taken  of  every  second  in  order 
to  make  the  time;  hence,  an  engineer  should  keep  a  sharp  eye 
on  the  time  consumed  in  stopping  and  starting  the  train.  In 
order  to  make  time  in  stopping  and  starting  a  passenger  train, 
the  engineer  should  carefully  study  the  conditions  that  govern 
the  smooth  handling  of  a  train,  and  he  should  also  be  able  to 
judge  the  distance  in  which  he  can  stop  his  train  from  different 
speeds  and  with  any  number  of  cars  he  is  liable  to  have  in 
ordinary  passenger  trains.  As  a  rule,  an  engineer  has  a  land- 
mark for  shutting  off  his  throttle.  This  mark  should  be  as 
close  to  the  stopping  point  as  he  can  make  it,  and  still  leave 
space  enough  to  bring  his  train  safely  to  a  standstill  with  all  the 
smoothness  possible.  Always  remember  that  it  is  much  easier 
to  make  time  when  the  engine  is  working  at  short  cut-off  and 
the  train  is  up  to  speed  than  when  starting,  so  for  that  reason 
you  should  keep  the  speed  up  as  long  as  it  is  possible.  Of 
course,  you  may  start  as  rapidly  as  possible,  but  in  so  doing  it 
is  well  to  remember  that  time  cannot  be  made  by  running  the 
engine  in  the  comer  at  full  stroke.  Always  cut  the  engine  back 
soon  after  starting,  say  after  a  few  ^revolutions,  and  then  con- 
tinue to  cut  back  as  the  speed  increases.  Conditions  such  as 
grades,  the  number  of  cars  in  the  train,  etc.  govern  the  rapidity 
with  which  the  reverse  lever  should  be  cut  back.  Also,  it  is 
well  to  have  a  high  steam  pressure  for  starting,  and  an  engine 
should  have  every  advantage  possible  in  starting  a  heavy  train, 
in  order  to  keep  up  the  steam  pressure. 

In  order  to  make  a  quick  stop  with  a  passenger  train,  the 
two-application  method  can  be  used  to  advantage.  The  first 
application  should  be  a  heavy  one,  because  at  that  time  the 
speed  is  high  and  the  shoe  friction  low;  consequently,  the 
brakes  will  not  hold  as  well  as  at  low  speeds,  and  there  will  be 
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no  danger  of  the  wheels  sliding.  The  first  application  should 
be  held  on  until  the  speed  is  reduced  to  about  15  or  16  miles 
an  hour,  below  which  speed  there  is  a  liability  of  the  wheels 
sliding.  The  brakes  should  then  be  released  and  the  train 
brought  to  a  stop  by  making  a  lighter  application,  releasing 
just  before  the  train  comes  to  a  standstill. 


USB    OF    HAND. 

41.  The  nse  of  sand  is  a  subject  that  requires  careful 
consideration  on  the  part  of  the  engineer.  The  use  of  sand 
to  assist  in  stopping  trains  has  been  dealt  with  previously, 
therefore,  the  proper  and  improper  methods  of  using  sand  to 
prevent  the  engine  slipping  will  now  be  considered.  At  the 
present  time  it  is  a  common  thing  to  see  engines  loaded  down 
to  their  maximum  capacity;  hence,  in  order  to  take  such  trains 
over  the  road,  sand  must  frequently  be  used.  Before  beginning 
a  trip,  an  engineer  should  know  that  the  sand  box  on  his  engine 
is  filled  and  that  the  sanding  device,  whether  air  or  lever,  is  in 
working  order.  The  pipes  should  be  clear  and  in  position  to 
carry  the  sand  to  the  top  of  the  rail.  When  necessary  to  use 
sand  in  starting  a  train,  it  should  be  used  in  quantities  just 
sufficient  to  prevent  the  engine  slipping,  and  as  soon  as  the 
train  is  in  motion  and  the  engine  will  handle  it  without  danger 
of  slipping,  the  use  of  sand  should  be  discontinued.  Under 
ordinary  conditions,  a  train  can  be  started  and  brought  to 
speed  without  the  use  of  sand,  but  with  heavy  trains  it  is  often 
advisable  to  use  it.  When  such  conditions  exist,  the  sand 
may  be  applied  by  dropping  a  little  every  two  or  three  revolu- 
tions of  the  driving  wheels.  Of  course,  the  condition  of  the 
rails  and  the  weight  of  the  train  must  be  taken  into  considera- 
tion, and  the  sand  must  be  used  with  judgment,  as  no  hard- 
and- fixed  rule  can  be  given  that  will  cover  all  conditions. 
A  good  rule  to  follow  is  to  use  sand  as  seldom  as  possible,  and 
then  to  use  only  enough  to  prevent  slipping.  Sand  increases  the 
grip  of  the  drivers  on  the  rails,  but  it  must  be  remembered  that 
it  also  greatly  increases  the  rolling  friction;  hence,  sand  makes 
a  train  pull  much  harder  than  it  would  on  bare  rails,  and  the 


\ 


§9  LOCOMOTIVE  MANAGEMENT.  87 

more  sand  used  the  greater  is  the  retarding  effect.  This  point 
ig  of  special  importance  in  heavy  freight  service  on  grades. 
Again,  when  sand  is  nsed  too  freely,  it  is  apt  to  work  into 
&e  bearings,  causing  them  to  heat 

42.  In  climbing  a  grade  with  a  heavy  freight  train,  it 
is  important  that  slipping  be  prevented,  especially  when  the 
engine  is  laboring  hard  at  slow  speed,  for  to  slip  at  such  times 
will  probably  mean  to  stall  the  train  before  the  drivers  catch 
the  rail  again. 

In  the  event  of  the  engine  slipping,  sand  should  never  be 
dropped  on  the  rail  until  after  the  throttle  has  first  been  closed 
sufficiently  to  stop  the  slipping,  as  otherwise  serious  damage 
may  result.  First  close  the  throttle,  drop  the  sand,  and  then 
open  the  throttle  again.  Sand  should  never  be  used  on  one 
side  only,  but  should  always  be  dropped  on  both  sides  at  the 
same  instant.  When  used  on  one  side  only,  the  axles  are 
subjected  to  a  severe  twisting  strain  that  may  result  in  bent 
or  broken  rods  or  pins. 

On  a  foggy  day,  or  when  a  rail  is  slippery  from  other  reasons, 
it  is  good  practice  to  drop  just  a  little  sand  on  the  rails 
frequently  enough  to  keep  the  tires  dry,  and  thus  prevent 
slipping.  The  most  important  thing  to  remember  in  connection 
with  this  subject,  however,  is  to  exercise  good  judgment  in  the 
amount  used  and  in  the  conditions  under  which  it  is  used. 


RUNNING    BNGINES    IN   COLD    WEATHEB. 

43,  When  running  an  engine  in  cold  weather,  certain  pre- 
cautions must  be  observed  that  are  not  necessary  at  other  times. 
For  instance,  care  must  be  exercised  in  starting  and  stopping 
trains  during  very  cold  weather,  in  order  to  prevent  drawbars 
being  broken,  since,  when  full  of  frost,  drawbars  snap  off  very 
easily.  Trouble  also  occurs  through  the  injector  pipes  freezing. 
One  injector  is  generally  all  that  is  used  to  supply  the  boiler 
with  water,  and  in  cold  weather  the  pipes  of  the  other  injector 
will  freeze  very  quickly  if  some  means  is  not  adopted  to  prevent 
their  doing  so.  It  is  necessary,  therefore,  to  keep  steam  circu- 
lating through  the  pipes  during  the   time  the  injector  is  not 
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working,  which  may  be  done  by  closing  the  overflow  valve,  and 
opening  the  steam  valve  sufficiently  to  permit  a  small  quantity 
of  steam  to  blow  back  through  the  injector,  feedpipes,  and  hose 
into  the  tank.  The  frost  cock  on  the  discharge  pipe  should  also 
be  opened  so  as  to  permit  steam  to  flow  through  this  pipe  and 
thus  keep  it  from  freezing.  A  pipe  should  lead  from  the  frost 
cock  to  a  point  near  the  track  so  that  the  steam  and  water 
passing  through  it  will  not  be  blown  over  the  engine  and  cover 
it  with  ice. 

Care  must  be  taken  that  too  much  steam  is  not  forced  back 
into  the  tank,  since  there  is  danger  of  overheating  the  water, 
in  which  event  the  injectors  will  not  work.  In  extremely 
cold  weather,  the  suction  pipe  of  the  injector  that  is  working 
will  sometimes  partially  freeze  and  thus  deliver  an  insufficient 
supply  of  water  to  the  boiler.  In  this  case,  close  the  overflow 
valve,  and  blow  steam  back  through  the  suction  pipe  to  thaw 
out  the  ice.  The  best  way  to  use  the  ''heater"  on  a  lifting 
injector  is  to  almost  close  the  steam-supply  valve  at  the 
boiler,  pull  the  operating  handle  wide  open,  and  close  the 
overflow  valve. 

If  an  engine  equipped  with  steam  heaters  is  connected  to  a 
train  without  steam-heating  apparatus,  or  is  disconnected  from 
a  train  entirely,  a  little  steam  should  be  constantly  blown 
through  the  heating  system  to  keep  it  from  freezing. 

The  air-pump  steam  supply  must  never  be  shut  off  entirely 
for  any  great  length  of  time,  and  the  reservoirs,  drain  cups, 
and  other  parts  of  the  air-brake  apparatus  in  which  water  is 
liable  to  accumulate,  should  be  regularly  drained. 


TAKTN^G  A  "  LIGHT  »>  ENGINB  OVSB  THE  ROAD. 

44,  When  called  upon  to  run  '4ight,"  and  a  pilot  is  not 
furnished,  it  must  be  remembered  that  the  man  in  charge  of  the 
engine  is  conductor  as  well  as  engineer,  and  consequently  he 
must,  in  addition  to  his  ordinary  duties,  check  up  the  train 
register  and  apply  to  the  train  dispatcher  for  orders;  after 
receiving  the  orders  he  may  proceed.  If  the  engine  fails  on  the 
road,  the  engineer  must  see  that  he  is  properly  protected. 
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In  many  cases,  engines  after  having  been  in  the  shop  for  gen- 
eral repairs  are  run  light  to  the  division  to  which  they  are 
assigned;  the  engineer  in  charge  must  then  be  very  careful, 
during  the  first  fifty  or  one  hundred  miles  of  the  trip,  to  see  that 
none  of  the  bearings  get  hot,  which  they  are  very  liable  to  do. 


HOT    BBARIKGS. 

45.  A  hot  bearing:  is  one  of  the  most  annoying  difficul- 
ties with  which  an  engineer  has  to  contend.  When  a  bearing 
shows  signs  of  heating,  it  should  be  carefully  watched  and  every- 
thing possible  done  to  prevent  its  becoming  hot;  for,  if  it  becomes 
hot  enough  to  smoke  or  set  fire  to  the  packing,  the  question  of 
getting  over  the  road  and  making  time  becomes  a  serious  one, 
especially  on  important  fast  trains.  On  local  runs,  where  stops 
are  made  at  every  station,  there  is  usually  sufficient  time  for 
the  engineer  to  occasionally  look  around  the  engine;  in  such 
cases,  he  may  find  the  bearing  while  it  is  warming  up,  and 
should  then  take  steps  to  prevent  its  becoming  hot.  On  fast 
trains,  however,  where  long  runs  are  made,  with  but  few  stops, 
the  chances  of  hot  bearings  become  greater;  usually,  in  this 
case,  the  first  hint  that  the  enginemen  have  that  some  part  of 
the  engine  is  warming  up  is  when  they  smell  the  hot  box,  or 
bearing,  or  whatever  it  may  be.  In  that  event,  if  the  engine  is 
so  piped  as  to  permit  it,  water  should  be  turned  on  the  hot 
bearing  for  the  remainder  of  the  run,  when  the  trouble  should 
be  reported  so  that  the  parts  giving  trouble  can  be  properly 
cared  for. 

Whenever  a  bearing  begins  to  get  hot,  and  it  can  be  done  at 
the  time,  the  oil  supply  should  be  increased,  and  if  it  is  a  tender 
truck,  engine  truck,  or  driving  journal,  the  box  should  be 
examined  at  the  first  opportunity  and  packed,  if  time  permits. 
If  it  is  found  that  the  packing  has  settled  away  from  the  jour- 
nal, it  is  reasonable  to  assume  that  the  trouble  has  been  found, 
and  in  this  case  repacking  the  cellar  will  effect  a  cure. 

46.  Using:  Water  on  Hot  Bearlng^s. — Many  engines 
are  now  equipped  with  pipes  so  arranged  that  water  can  be 
applied   to  almost  all  the  crankpins  and  journals  while  the 
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engine  is  running.  On  important  trains,  where  delay  means 
missing  connections,  water,  if  properly  handled,  can  be  used 
on  hot  bearings  to  advantage  in  order  to  get  the  train  in  on 
time.  If  a  bearing  shows  signs  of  heating,  the  best  thing  to 
do  is  to  examine  it  to  see  if  anything  is  broken,  and  then 
turn  on  a  sufficiently  large  stream  of  water  to  prevent  its 
getting  hotter.  This  will  generally  keep  the  journal  in  con- 
dition to  run  without  serious  trouble.  If  the  bearing  is  very 
hot  and  the  waste  is  on  fire,  the  stream  of  water  will  likely  put 
out  the  fire  at  once,  and  keep  the  bearing  from  being  damaged 
until  the  terminal  is  reached. 

If  the  bearing  is  very  hot  and  no  water  pipes  are  provided,  it 
must  be  treated  differently.  If  the  packing  is  burning,  just 
throw  sufficient  water  on  to  put  out  the  fire;  then,  removing 
the  old  waste,  and  all  the  water  possible,  pack  the  box,  or 
cellar,  with  new  oily  waste.  It  is  a  very  poor  plan  to  cool  off 
a  very  hot  journal  with  water  while  the  engine  is  standing.  A 
journal  that  runs  hot  and  is  cooled  with  water  every  time  the 
engine  stops  is  almost  sure  to  break  before  long. 

The  consensus  of  opinion  is  that  in  castas  of  emergency,  cold 
water  may  be  used  on  hot  bearings  as  a  temporary  relief  in 
order  to  bring  the  train  in  on  time;  but,  at  the  earliest  oppor- 
tunity, attention  should  be  given  the  troublesome  bearing  at 
the  shops  so  that  the  use  of  water  may  be  discontinued.  It  is 
also  advisable  to  have  pipes  so  arranged  that  the  water  can  be 
admitted  to  the  cellar  and  near  the  back  of  the  journal;  but 
when  no  such  provisions  have  been  made,  the  best  place  to 
apply  it  is  between  the  box  and  the  wheel  hub. 

47«  A  hot  driving  box,  on  an  engine  having  spring  saddles 
and  springs  over  the  boxes,  can  be  relieved  by  fitting  a  block 
between  the  under  side  of  the  spring  saddle  and  the  upper  side 
of  the  frame;  by  this  means,  when  the  engine  is  running,  the 
block  will  keep  some  of  the  weight  off  that  box.  If  the  box  con- 
tinues to  run  very  hot^  and  sticks  on  thew«sdges,  slacking  off  the 
wedges  may  help  matters;  if  not,  the  wheel  may  be  run  up  on 
a  wedge  and  a  thicker  block  put  between  the  top  of  the  frame 
and  the  spring  saddle  to  take  more  weight  off  the  hot  box. 
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Fresh  packing  can  often  be  put  into  a  driving-box  or  engine- 
truck  cellar  without  letting  down  the  cellar  by  using  a  thin 
packing  iron  and  small  quantities  of  packing  at  a  time.  Thin 
slices  of  hard  soap  shoved  in  beneath  a  hot  journal  will  often 
work  wonders.  A  little  graphite,  also,  has  a  good  effect  on 
anything  that  is  running  hot. 

If  a  tender  box  runs  hot  after  the  usual  cures  have  been 
applied  and  there  is  a  spare  brass  on  the  engine,  replacing 
the  old  brass  may  remedy  the  trouble. 

48,  Main-rod  brasses  sometimes  run  hot  on  account  of  the 
rod  having  a  twist;  that  is,  the  holes  through  the  brasses  at 
each  end  of  the  rod  are  not  true  with  each  other,  and,  conse- 
quently, when  keyed  up  snug,  they  bind  on  the  pins.  The 
crosshead-pin  bearing  may  be  out  of  true,  causing  the  main-pin 
bearing  to  run  hot.  In  such  a  case,  slack  off  the  key  in  this 
crosshead  end  and  see  if  it  frees  the  other  end  of  the  rod.  This 
is  a  common  cause  of  a  hot  main  pin.  Also,  brasses  are 
sometimes  fitted  on  the  pins  in  such  a  manner  that  they  can 
be,  and  often  are,  keyed  too  tight.  In  such  cases,  the  keys 
should  be  slackened  off  enough  to  insure  the  brasses  having 
suflScient  play  to  prevent  heating.  New  main-pin  brasses  that 
are  fitted  closely  in  the  straps  expand  more  than  the  straps 
when  they  get  heated  and  pinch  on  the  pins,  so  they  are  sure  to 
damage  both  brass  and  pin. 

If  a  crankpin  begins  to  heat  up,  the  oil-cup  cover  should  be 
taken  off  to  make  sure  that  there  is  enough  oil  in  the  cup  and 
that  the  oil  passages  are  not  stopped  up  with  dirt  or  some  for- 
eign substance.  If  the  cup  is  fitted  with  a  plunger,  or  needle, 
the  feed  should  be  examined  to  see  that  it  is  working  freely  and 
has  the  proper  amount  of  lift.  The  amount  of  oil  fed  by  the 
majority  of  rod  cups  can  be  increased  by  slacking  off  the  lock- 
nut  on  the  top  of  the  cup,  screwing  out  the  adjusting  screw  a 
small  amount,  and  then  tightening  up  the  locknut  again. 

When  crankpins  run  so  hot  that  oil  will  not  remain  in  the 
cups  for  any  length  of  time,  the  following  treatment  will  prove 
beneficial:  Having  filled  the  oil  hole  in  the  strap  with  yellow- 
soap  shavings  or  graphite  and  poured  in   a   little  valve  oil, 
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replace  the  oil  cup  and  fill  it  with  this  oil.  If  it  is  fed  from 
a  cup  forged  solid  on  the  rod,  remove  the  oil-cup  cap  and 
feeder,  and  force  some  fine  soap  shavings  or  graphite  down 
to  the  pin;  then,  having  filled  this  hole  with  valve  oil,  replace 
the  feeder  and  its  cap. 

In  cases  where  the  brasses  are  babbitted  and  they  get  hot 
enough  to  melt  it,  do  not  stop  until  the  babbitt  is  all  thrown 
out,  as  the  oil  way  is  liable  to  be  full  of  the  hot  metal,  and,  if 
all«  wed  to  cool,  will  give  lots  of  trouble. 

If  an  eccentric  gets  hot  on  account  of  the  straps  being  too 
tight  on  the  cam,  it  may  be  relieved  by  loosening  the  nuts  on 
the  bolts  that  go  through  the  lugs,  and  putting  some  pieces  of 
tin,  pasteboard,  thin  pieces  of  wood,  or  anything  else  that  will 
serve  the  purpose,  in  the  joint  between  the  two  halves  of  the 
strap;  then  tighten  the  nut8  again.  If  an  eccentric  gets  hot 
and  the  strap  is  loose  on  the  cam,  it  will  be  necessary  to 
examine  the  oil  hole,  and  if  found  stopped  up,  it  will  have  to 
be  cleaned  out.  A  little  valve  oil  applied  to  a  hot  eccentric  is 
about  the  best  remedy  known.  Sometimes  an  eccentric  gets 
hot  because  the  valves  are  insufficiently  lubricated.  The 
remedy  for  this  is  obvious.  Never  use  water  on  a  hot  eccentric 
strap,  as  in  most  cases  they  are  made  of  cast  iron  and  are  liable 
to  break  under  such  treatment. 

If  guides  get  hot  on  account  of  being  closed  too  tight,  loosen 
the  nuts  on  the  bolts  at  each  end  and  put  in  a  thin  liner  of  paper 
or  tin  between  the  guide  blocks  and  the  guides;  then  retighten 
the  nuts.  Never  cool  off  hot  guides  with  water,  as  they  are 
liable  to  spring  or  warp  to  such  an  extent  as  to  ruin  them. 


INJECTORS    FAIL.    ON    THE    ROAI>. 

49.  When  an  engineer  finds  that  liis  injectors  fail  to  supply 
water  to  the  boiler  for  some  reason  or  other,  he  should  immedi- 
ately try  to  find  the  cause.  If  his  efiforts  to  start  the  injector 
fail,  he  should  stop  the  engine  in  time  to  prevent  the  water 
getting  so  low  in  the  boiler  as  to  require  knocking  out  the  fire; 
also,  the  dampers  should  be  closed,  and,  if  necessary,  the  fire 
dampened  by  covering  it  over  heavily  with  fine  wet  coal,  so  that 
the  boiler  will  not  blow  off  and  waste  water. 
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Ordinarily,  the  injector  on  the  right  side  is  used  to  the  exclu- 
sion of  the  one  on  the  left;  and,  as  a  consequence,  the  left 
injector  soon  becomes  incrusted  with  lime  or  scale  to  such  an 
extent  that  it  will  not  work.  In  that  event,  the  failure  of  the 
right  injector  on  the  road  means  that  the  engineer  has  lost  the 
use  of  both  injectors.  This  trouble  may  be  avoided  by  using 
the  left  injector  every  day,  or,  at  least,  suflSciently  to  keep  it  in 
working  order.  A  good  plan  is  to  use  the  left  injector  while 
feeding  before  going  out  on  the  road,  while  stopping  at  stations, 
and  at  other  times  when  the  engine  is  standing  still;  using  the 
right  injector  only  while  running.  Another  plan  is  to  use  the 
injectors  alternately.  By  this  means  both  injectors  will  be 
kept  in  good  working  order,  and  should  one  fail  on  the  road, 
the  other  one  is  in  condition  to  be  used. 

In  the  event  of  both  the  injectors  failing  to  work,  first  asceiv 
tain  if  there  is  suflScient  water  in  the  tank;  or,  if  the  weather  is 
cold,  whether  the  manhole  has  been  frozen  over,  thus  making 
the  water  tank  air-tight.  Neither  of  these  being  the  cause,  the 
trouble  may  be  due  to  the  strainer  becoming  clogged;  in  this 
case,  steam  should  be  forced  back  through  the  suction  pipe  by 
closing  the  overflow  "valve  from  the  injector  and  opening  the 
steam  valve.  This  may  force  out  the  obstructions  in  the 
strainer,  and  the  injector  will  readily  raise  water  again.  Should 
the  result  not  be  favorable,  take  the  hose  down  and  clean  the 
strainer.  Then  examine  the  hose,  and  if  water  will  run 
through  the  hose,  flow  steam  back  through  the  suction  pipe  to 
be  sure  that  there  is  no  stoppage.  Then  couple  up  the  hose 
and  again  try  to  raise  water.  The  trouble  may  be  due  to  one 
of  the  defects  mentioned  in  Locomotive  Boilers,  Part  2,  in  which 
case  proceed  in  accordance  with  the  instructions  there  given. 

In  most  cases,  if  there  is  sufficient  water  in  the  tank  and  the 
tank  valve  is  open,  the  injector  will  start  after  steam  is  blown 
back  into  the  tank  so  as  to  blow  any  obstruction  out  of  the 
strainer  or  hose,  and  this  remedy  should  be  the  one  first  tried 
whenever  the  injector  fails  to  start.  If,  while  trying  to  start 
the  injector,  the  water  in  the  boiler  becomes  so  low  as  to 
endanger  the  crown  sheet,  it  will  be  necessary  either  to  bank  the 
fire  with  green  coal  so  heavily  that  it  will  protect  the  crown 
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sheet,  especially  with  the  fire-door  open,  or  else  draw  the  fire. 
Should  it  become  necessary  to  draw  the  fire  in  cold  weather, 
care  should  be  taken  to  thoroughly  drain  all  pipes,  etc.  of 
water,  to  prevent  damage  through  freezing.  All  drain  cocks 
and  drain  plugs  should  be  left  open,  the  boiler  and  tank 
emptied,  and  the  suction  hose  disconnected;  also,  the  siphon 
pipe  to  the  steam  gauge  should  be  disconnected  and  the  siphon 
emptied.  The  sight-feed  lubricator  should  be  drained.  In  fact, 
the  boiler  and  all  boiler  fittings  should  be  drained  of  all  water 
to  prevent  possible  injury  through  freezing.  The  engine  should 
then  be  disconnected  and  made  ready  to  be  towed  in.  When 
an  engine  is  disconnected  it  is  greatly  out  of  balance,  so  that  it 
is  not  safe  to  haul  it  at  high  speeds.  The  maximum  safe  speed 
for  an  engine  in  this  condition  is  about  20  miles  per  hour. 
In  1899,  a  disconnected  engine  on  the  Wabash  Railroad,  having 
56-inch  drivers,  was  hauled  at  a  speed  of  40  miles  per  hour  on 
63- pound  rails;  afterwards,  it  was  found  that  10  rails  were 
broken,  while  772  rails  were  badly  surface  bent  by  the  blows 
of  the  unbalanced  drivers. 


THROTTLE    OR    DRY-PIPE    I^AKFNG. 

50.  A  leaky  throttle  or  dry  pipe  will  be  indicated  by  steam 
escaping  from  the  cylinder  cocks  when  the  throttle  is  closed; 
but,  if  steam  does  escape  from  the  cylinder  cocks  under  those 
conditions,  the  engineer  should  he  sure  that  the  steam  valve  to 
the  lubricator  is  closed  before  he  decides  where  the  trouble  lies, 
because  the  steam  may  be  entering  through  the  oil  pipes  instead 
of  through  a  leak.  The  condition  of  the  steam  as  it  escapes 
through  the  cylinder  cocks  will  help  one  judge  whether  the 
trouble  is  in  the  throttle  or  in  the  steam  pipe. 

In  the  event  of  the  throttle  leaking,  there  will  be  a  constant 
flow  of  dry  steam  to  the  cylinders;  but  if  the  dry  pipe  leaks, 
there  will  probably  be  more  or  less  water  carried  with  the 
steam,  depending  on  what  part  of  the  dry  pij)e  contains  the  leak. 
If  the  dry  pipe  lies  up  near  the  shell  of  the  boiler  and  the  leak 
occurs  in  the  top  of  the  pipe,  the  steam  leaking  through  will  be 
dry,  and  the  boiler  will  have  to  be  rather  full  of  water  before 
wet  steam  will  show  at  the  cylinder  cocks  with  the  engine 
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standing.  With  the  leak  in  the  under  side  of  pipe,  however, 
water  will  leak  to  the  cylinders  when  the  water  is  carried  high 
in  the  boiler. 

POUNDS. 

51.  Causes  and  Remedies. — A  pound  in  an  engine  is 
destructive  to  the  engine,  besides  being  a  great  source  of  annoy- 
ance to  the  engineer,  and  if  it  is  of  such  nature  that  it  can  be 
remedied,  this  should  be  done  as  soon  as  possible.  A  common 
cause  of  an  engine  pounding  is  worn  main-rod  brasses,  which 
cause  a  sharp  pound  as  the  main  pin  passes  the  centers. 

Loose  wedges  in  the  driving-box  jaws  cause  a  pounding  that 
should  be  located  and  remedied  as  soon  as  possible,  as  there  is 
danger  of  breaking  the  driving  boxes.  To  locate  such  a  pound, 
place  the  engine  on  the  top  quarter,  block  the  driving  wheels, 
put  the  reverse  lever  in  the  corner,  and  admit  a  little  steam  to 
the  cylinder.  Work  the  lever  back  and  forth,  and  the  action  of 
the  steam  in  the  cylinder,  as  it  is  being  shifted  from  one  end 
of  the  cylinder  to  the  other,  will  cause  the  boxes  to  be  worked 
back  and  forth  in  their  pedestal  jaws,  if  there  is  enough  play 
there  to  cause  pounding.  This  method  will  also  locate  loose  or 
broken  driving-box  brasses. 

If  there  is  too  much  play  between  the  guide  bars,  the  cross- 
heads  will  cause  a  very  disagreeable  pound  when  the  engine  is 
working  hard  at  slow  speeds,  and,  also,  there  will  be  a  tendency 
to  bend  the  piston  rods.  This  pound  should  be  stopped  either 
by  closing  the  guide  bars  the  proper  amount  or  by  lining  out 
the  crosshead  gibs,  or  retinning  them,  as  the  practice  may  be. 

A  piston  loose  on  the  piston  rod,  or  the  rod  loose  in  the 
crosshead,  causes  a  severe  pound,  and  sometimes  the  piston 
works  off  far  enough  to  knock  out  the  front  cylinder  head. 
The  remedy  for  this  defect  is  obvious. 

Worn  side- rod  brasses  aro  liable  to  cause  a  pound;  if  they  are 
very  loose  their  side  motion  will  cause  them  to  rattle  badly. 

If  the  main  rod  has  been  lined  out  too  long,  it  will  allow  the 
piston  to  strike  the  front  cylinder  head;  or,  if  lined  out  too 
short,  it  will  strike  the  back  head.  In  either  case,  a  bad  pound 
will  result  when  the  main  pin  passes  the  front  or  back  center, 
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respectively.  This  pound  can  be  easily  located,  when  the 
throttle  is  closed  and  the  engine  is  drifting,  by  noting  on  which 
center  the  pound  occurs.  Another  way  is  to  note  on  which 
end  of  the  guides  the  crosshead  overtravels  the  travel  marks. 
If  the  crosshead  passes  the  marks  on  the  back  end  of  the  guides, 
the  main  rod  is  too  short  and  should  be  lengthened  by  changing 
the  liners  from  the  back  to  the  front  side  of  the  main-pin 
brasses.  If  the  crosshead  passes  the  marks  on  the  front  end 
of  the  guides,  the  rod  is  too  long  and  should  be  shortened  by 
taking  the  liners  from  in  front  of  the  brass  and  placing  them 
back  of  it,  in  this  way  dividing  the  crosshead  travel  equally 
between  the  travel  marks. 

Badly  worn  expansion  pads  on  the  boiler  will  cause  a  bad 
pound  when  the  engine  is  working  slow  and  hard,  as  they  allow 
the  back  end  of  the  boiler  to  work  sidewise  on  the  frame.  If 
this  working  is  allowed  to  continue  for  any  length  of  time,  the 
bolts  through  the  cylinder  and  smokebox  will  become  loose  and 
cause  the  steam-pipe  joints  to  leak. 

A  cylinder  that  is  loose  on  the  frame,  or  a  broken  frame, 
will  cause  a  pound  that  will  jar  the  whole  engine.  Both  of 
these  defects  are  serious  and  demand  great  care  in  getting  the 
engine  over  the  road.  If  this  pound  begins  while  pulling  an 
unimportant  train,  side  track  the  train;  but  if  a  first-class  train, 
endeavor  to  take  the  train  to  the  nearest  place  where  the  engine 
can  be  exchanged  for  another.  The  disabled  engine  should  be 
run  to  the  shop  light  A  loose  driving-box  brass  will  produce 
a  bad  pound  that  sometimes  is  difScult  to  locate. 

In  trying  to  locate  pounds  and  their  causes,  it  is  a  good  plan 
to  place  the  crankpin  on  the  top  quarter  on  the  side  you  wish 
to  test,  then  block  the  wheels,  and,  admitting  a  little  steam 
into  the  cylinders,  work  the  reverse  lever  back  and  forth.  By 
closely  watching  each  connection  in  turn  as  the  piston  causes 
a  pull  or  a  thrust  to  the  crosshead,  the  cause  of  pounding 
can  be  very  easily  located.  If  possible,  an  engine  having 
a  very  serious  pound  should  not  be  run,  especially  if  the 
pound  is  inside  of  the  cylinder;  since,  in  this  case,  it  is  a 
certain  indication  of  a  defect  that  sooner  or  later  will  end  in 
a  breakdown. 
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CTIilNBERS    GROANING. 

52.  Cylinders  that  have  been  run  some  distance  without 
sufficient  lubrication,  and,  also,  in  many  cases,  where  the  pack- 
ing rings  have  been  allowed  to  run  until  the  comers  wear  sharp, 
often  groan  so  badly  as  to  make  one  think  that  they  are  being 
torn  to  pieces.  This  groaning,  if  due  to  insufficient  lubrication, 
can  generally  be  stopped  very  quickly  by  giving  both  cyUnders 
about  a  tablespoonful  of  valve  oil,  or  a  little  dry  graphite, 
through  the  relief  valves.  If,  after  introducing  the  oil,  the 
cylinders  continue  to  groan,  the  trouble  is  in  the  packing  rings, 
in  which  case  they  should  be  taken  out  in  the  shop  and  the 
sharp  comers  filed  off.  When  this  has  been  done,  the  groaning 
will  probably  cease. 

BLOWS. 

53.  Causes  of  Bloi^s. — Listening  to  an  engine  continu- 
ally blowing  is  most  annoying  to  the  engineer,  and,  besides, 
the  blow  is  costly  to  the  company.  Sometimes  the  blow 
may  not  be  very  serious,  but,  nevertheless,  it  is  a  waste  of 
steam,  and  wasted  steam  means  wasted  fuel.  Through  a 
desire  to  make  a  good  showing  of  economy  in  the  amount  of 
valve  oil  used,  the  supply  is  sometimes  cut  down  to  so  small  a 
quantity  that  it  is  impossible  for  an  engine  to  be  run  on  the 
allowance  without  *  the  valve  seats  and  cylinder  packing 
becoming  cut  or  worn  in  a  short  time;  the  result  is  that  many 
times  the  value  of  the  valve  oil  saved  passes  away  as  wasted 
steam.  However,  while  limiting  the  supply  of  valve  oil  may 
eventually  lead  to  a  blow,  it  is  not  the  only  cause  of  this 
trouble.  Valves  that  have  not  been  properly  fitted  on  their 
seats,  badly  fitted  balance  strips,  broken  springs  under  the 
strips,  balance  strips  stuck  down,  broken  cylinder  packing 
rings,  cylinder  packing  rings  that  have  become  so  worn  by 
long  use  as  to  become  too  small  for  the  cylinder,  rings  that 
have  worked  around  so  that  the  joint  is  at  the  top  or  side 
of  the  cylinder,  broken  valves,  broken  seats,  etc.  are  one  and 
all  likely  to  be  met  with  at  any  time,  and  invariably  cause 
the  engine  to  blow. 
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54.  Testing  for  Blows. — When  it  is  found  that  an  engine 
blows,  tents  should  be  made  to  ascertain,  if  possible,  where  the 
trouble  lies.  A  broken  valve  may  cause  a  steady  blow;  just  how 
hard  depends  on  how  badly  the  valve  is  broken.  The  test  for  a 
broken  valve  is  given  in  Art  25,  Breakdowns. 

That  part  of  the  valve  seat  that  most  frequently  breaks  is  the 
bridge,  thus  causing  a  heavy,  though  not  constant,  blow.  The 
test  for  a  broken  bridge  is  given  in  Art  23,  Breakdowns. 

55.  Sometimes,  when  an  engine  having  balanced  valves  is 
given  steam  after  having  drifted  down  a  long  hill,  there  will  be 
quite  a  strong,  constant  blow.  This  is  caused  by  one  of  the 
strips  of  the  valve  getting  stuck  down,  the  spring  beneath  it 
probably  not  having  sufficient  strength  to  raise  it  because  there 
is  considerable  gummy  substance  on  the  strip. 

As  a  rule,  a  blow  from  a  valve  is  more  steady  than  is  a 
cylinder-packing  blow.  Cylinder  packing  blows  hardest  during 
the  first  half  of  the  stroke.  To  test  for  a  valve  blowing,  place 
the  engine  on  the  top  quarter  and  put  the  reverse  lever  in  mid- 
gear.  This  position  will  bring  the  valve  over  the  center  of  the 
seat,  and  if  the  valve  is  tight  there  will  be  no  blow.  Open  the 
cylinder  cocks  and  if  steam  blows  through  them,  it  shows  that 
there  is  a  leak  between  the  valve  and  its  seat  If  steam  shows 
at  the  front  cylinder  cock,  it  indicates  that  there  is  a  leak  into 
the  front  port;  if  at  the  back  cylinder  cock,  the  leak  is  into  the 
back  port  If  the  strips  are  blowing,  the  steam  will  go  directly 
into  the  exhaust  cavity  and  out  at  the  exhaust  pipe.  Now,  if 
the  valve  has  inside  clearance,  steam  will  also  show  at  both 
cylinder  cocks,  while  if  there  is  no  clearance  and  the  reverse 
lever  is  moved  ahead  slightly,  so  as  to  connect  the  exhaust 
cavity  with  the  front  steam  passage,  without  uncovering  the 
back  steam  passage,  steam  will  show  at  the  front  cylinder  cock; 
if  the  lever  is  moved  backwards,  so  as  to  connect  the  exhaust 
cavity  with  the  back  steam  passage,  steam  will  show  at  the  back 
cylinder  cock.  The  other  side  may  be  tested  in  the  same  way. 
If  the  valves  are  tight,  test  the  cylinder  packing  by  placing  the 
side  of  the  engine  to  be  tested  on  the  forward  bottom  eighth, 
block  the  wlieels,  or  set  the  brake,  open  the  cylinder  cocks,  and 
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drop  the  reverse  lever  in  the  forward  corner;  then  open  the 
throttle,  and  if  tlie  steam  blows  through  the  back  cylinder  cock 
as  well  as  through  the  front  one,  the  cylinder  packing  is  blow- 
ing. The  engine  may  be  placed  in  several  positions  and  trie*] 
for  piston  blows.  If  steam  blows  out  of  the  cylinder  cock  at 
the  opposite  end  of  the  cylinder  to  where  it  is  admitted,  it 
usnally  denotes  leaky  cylinder  packing.  A  good  idea  of  the 
condition  of  the  pistons  can  be  formed  by  leaving  the  cylinder 
cocks  open  when  starting  a  train  and  closely  watching  the  flow 
of  steam  from  them. 

It  the  packing  rings  are  broken  and  the  piston  blows  badly, 
it  will  weaken  the  exhaust  on  that  sido  of  the  engine,  especially 
if  the  engine  is  worked  slowly.     If  the  piston  packing  is  worn 
slightly  smaller  than  the  cylinder,  it  may  blow  some  when  the 
engine  is  working  light  or  at  short  cut-off;  but  when  the  engine 
is  working  hard   and  at  long  cut-off,  there  may  be  no  blow. 
This  is  due  to  the  fact  that  when  the  engine  is  working  hard 
and  at  long  cut-off,  there 
will  be  sufficient  steam 
pressure  behind  the  pack- 
ing    rings     during     the 
whole     length      o(      the 
stroke  to  hold  them  out 
i^inst  the  walls  of  the 
cylinder    and     make    a 
tight    joint    during    the 
full  stroke.    When  work- 
'ing  the  engine  with  short 
cut-off,   the    pressure   at 
the    end    of    the    stroke 
may  not  be  sufficient  to 

do  this,  and  the  piston  will  then  blow  during  the  latter  part 
of  the  stroke.  From  this  it  will  be  eeen  that  it  is  best  to  try 
the  piston  packing  when  the  steam  pressure  is  low. 

56.  Teat  for  Blow  In  Piston  Valve.— To  test  for  a 
blow  through  the  rings  of  a  piston  valve,  place  the  valve  in 
mid-positioD,  as  shown   in   Fig.  6,  so  as  to  cover  the  steam 
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passages  leading  to  the  two  ends  of  the  cylinder.  With  this 
piston  valve,  steam  is  admitted  to  the  chamber  5,  and  the  cavity 
c  of  the  valve  is  filled  with  steam  as  long  as  the  throttle  is 
open;  consequently,  if  the  packing  rings  are  broken  or  badly 
worn,  or  if  the  bush  is  badly  worn,  steam  will  blow  between 
the  rings  and  the  bush  into  the  exhaust  passage  E  and  then 
out,  as  shown  by  the  arrows,  thus  causing  a  blow.  Also,  steam 
will  pass  the  packing  rings  into  the  steam  passages  a  and  6, 
thence  into  the  two  ends  of  the  cylinder,  and  will  show  at  the 
cylinder  cocks,  provided  they  are  open. 

If  the  rings  in  one  end,  say  the  front  end  of  the  valve,  give 
out,  it  will  cause  a  continuous  blow  through  the  exhaust,  the 
sound  of  which,  as  the  engine  is  running  along,  will,  of  course, 
be  loudest  between  the  regular  exhausts  of  the  engine. 

A  loose  valve  bushing,  also,  will  allow  steam  to  blow 
between  the  cylinder  casting  and  the  bush,  and  thence  out 
through  the  exhaust,  causing  a  continuous  blow  that  will  be 
difficult  to  distinguish  from  a  bad  valve  blow. 


A  BBOKSN  STEAM  CHEST,  THE  CAUSE  AND  PREVENTATIVE. 

57.  Burst  steam  chests  are  generally  the  result  of  reversing 
the  engine  when  the  throttle  is  closed  tight  and  the  engine  is 
running  at  high  speed.  When  an  engine  is  reversed  while 
running,  the  cylinders  are  converted  into  air  compressors,  draw- 
ing the  hot  gases  into  the  cylinders  from  the  smokebox  and 
compressing  them  into  the  steam  chests,  steam  pipes,  and  dry 
pipes.  Of  course,  with  the  throttle  closed,  the  gases  cannot 
escape  into  the  boiler  through  the  throttle,  and  the  pressure, 
consequently,  accumulates  rapidly  to  such  an  extent  that  the 
weakest  parts,  usually  the  steam  chests,  give  way.  To  prevent 
breaking  the  steam  chests,  if  it  becomes  necessary  to  reverse  the 
engine  while  running  at  a  high  rate  of  speed,  open  the  throttle 
as  soon  as  the  engine  is  reversed,  so  as  to  allow  the  pressure 
accumulated  in  the  steam  chests  to  escape  into  the  boiler.  It 
will  then  be  impossible  to  get  more  than  boiler  pressure  in  the 
steam  chests,  since  the  pop-valves  will  take  care  of  the  pressure 
in  the  boiler;  and  as  the  steam  chests  are  designed  to  carry 


§9  LOCOMOTIVE   MANAGEMENT.  51 


boiler  pressure,  they  will  not  break.  Another  method  for  pre- 
venting excessive  steam-chest  pressure,  which  is  used  quite 
extensively  on  many  roads,  consists  in  using  a  combined 
vacuum-and- pressure  valve  similar  in  principle  to  that  shown 
in  Fig.  16,  Compound  Locomotives, 


BXHATJST    OUT    OF    SQUARE. 

58.  There  are  many  causes  that  may  have  the  effect  of 
making  the  exhaust  sound  ^4ame."  One  of  the  most  common 
causes,  especially  with  engines  having  long,  crooked  eccentric 
rods,  is  that  one  or  both  of  the  valves  become  dry.  When  the 
valves  get  dry  for  want  of  oil,  they  move  much  harder  than 
usual  and  cause  the  rods  to  spring  sufficiently  to  make  the 
exhaust  sound  out  of  square.  Increasing  the  oil  supply,  or 
partly  closing  the  throttle  for  an  instant,  will,  in  most  cases, 
overcome  the  difficulty.  Other  causes  are,  a  bent  rocker  arm, 
lifting  arm,  or  loose  rocker  boxes.  Also,  if  the  tumbling  shaft  is 
sprung,  it  will  allow  one  link  to  hang  lower  than  the  other,  and 
whichever  side  the  low  link  is  on  will  have  the  heaviest  exhaust 
while  the  engine  is  running  forwards,  and  the  lightest  exhaust 
when  the  engine  is  backing  up. 

Eccentric  rods  are  usually  fastened  to  the  eccentric  straps  by 
bolts  passing  through  slotted  holes.  If  these  bolts  loosen  and 
allow  the  rod  to  move,  it  will  affect  the  sound  of  the  exhaust. 
If  the  rod  slips  a  short  distance  and  then  catches  again,  there 
will  be  one  heavy  and  one  light  exhaust  on  that  side;  but  if 
the  bolts  are  very  loose,  the  exhaust  will  be  irregular.  Slipped 
eccentrics,  or  loose  strap  bolts,  also  cause  the  exhaust  to 
sound  out  of  square;  but  at  the  present  time,  on  the  majority 
of  railroads,  the  eccentrics  are  keyed  on  the  axle  so  well  that 
they  seldom  slip.  A  bent  eccentric  rod  will  cause  one  heavy 
and  one  light  exhaust  on  that  side. 

On  engines  having  double-exhaust  nozzles,  one  of  the  tips 
soijrietimes  becomes  gummed  up  more  than  the  other,  which 
will  have  the  effect  of  making  the  engine  sound  lame.  The 
beats  may  be  square,  but  the  exhaust  coming  through  the 
gummed  nozzle  will  be  sharper  than  the  others. 
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59.  If  the  high- pressure  cylinder  packing  is  blowing  on 
one  side  of  a  Vauclain  compound,  it  will  cause  the  exhausts  on 
that  side  to  be  heavier  than  on  the  other.  The  reason  is  this: 
The  steam  that  blows  past  the  high- pressure  piston  goes  into 
the  low-pressure  cylinder  and  increases  the  pressure  there,  and, 
as  a  result,  the  final  exhaust  is  stronger. 

A  valve  yoke  will  sometimes  break  in  such  a  manner  as  to 
make  the  exhaust  very  badly  out  of  square  when  the  lever  is 
hooked  up,  but  it  will  not  be  nearly  so  bad  when  working  in 
full  gear. 

FAILURE    OF    SPARK-AICRESTING    DEVICES    OR    ASH-PAN. 

60.  In  cases  where  the  spark-arresting  arrangement,  such 
as  cones,  nettings,  etc. ,  gets  into  a  condition  that  permits  fire 
to  be  thrown  out  to  a  dangerous  extent,  care  must  be  exercised 
to  prevent  setting  fire  to  properties  along  the  route.  For  this 
reason  the  engine  should  be  worked  as  light  as  possible  when 
passing  through  towns  or  other  places  where  a  fire  may  be 
started.  The  throwing  of  sjiarks  can  be  prevented,  to  some 
extent,  by  keeping  the  firebox  door  partly  opened,  as  there 
will  then  be  less  air  passing  through  the  fire,  and,  hence,  less 
liability  of  throwing  out  hot  cinders.  In  the  event  of  the 
spark-arresting  device  failing,  it  will  be  well  to  choose  places 
for  shaking  the  grates  where  no  danger  is  apt  to  be  caused  by 
live  sparks. 

If  a  hole  makes  its  appearance  in  the  ash-pan,  a  piece  of 
old  sheet  metal,  a  lump  of  coal,  a  flat  stone,  or  a  brick,  etc. 
can  often  be  made  to  cover  it,  thereby  preventing  fire  and  ashes 
from  falling  along  the  track.  These  defects  should  be  reported 
for  repairs  at  tlie  end  of  the  run. 


REVERSE  LEVER  CAUGHT  AT  SHORT  CUT-OFF. 

61.  On  some  styles  of  engines,  the  reverse  lever  may  be 
caught  at  short  cut-off  every  time  a  spring  or  spring  hanger 
breaks  and  allows  the  engine  to  settle  down,  more  or  less,  on 
its  boxes,  as  this  will  cause  the  top  of  the  wheel  to  catch  the 
reach  rod  and  hold  it  firmly.  When  the  engine  is  stopped  with 
the  reach  rod  caught  in  this  manner,  the  cut-off  may  be  so 
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short  that  the  engine  cannot  move  the  train;  in  order  to  free 
the  reach  rod  and  reverse  lever,  it  may  be  necessary  to  take  the 
pin  out  of  the  front  end  of  the  reach  rod  and  tumbling-shaft 
lever  and  allow  the  links  to  carefully  drop  down  on  link  blocks. 
The  engine  will  then  be  in  full  ge&t  forwards  and  can  be  moved 
as  desired.  If  the  trouble  is  due  to  a  broken  spring,  or  spring 
hanger,  or  any  other  defect  in  the  spring  rigging,  block  up  as 
explained  in  the  Paper  on  Breakdoiona.  Then  couple  up 
the  reach  rod  and  tumbling-shaft  lever,  and  the  train  is  ready 
to  proceed.  

OFF   TKE    TBACK. 

62.  It  is  impossible  to  do  more  than  give  general  directions 
for  the  replacing  of  engines  upon  the  track,  for  the  reason  that 
the  conditions  in  any  two  cases  are  seldom  the  same.  In  the 
event  of  two  or  three  pairs  of  wheels  dropping  off  the  rails  at. 
slow  speed,  it  is  not  so  very  serious  a  matter,  and  the  engine 
can  generally  be  run  up  on  the  track  again  by  means  of  her 
own  steam,  a  block  or  two,  perhaps,  being  used  to  assist  the 
wheels  in  getting  up  on  the  rails.  If  the  engine  is  going  fast 
when  it  goes  off  the  track,  a  wrecking  car  and  crew  will 
probably  be  required  to  assist  in  getting  it  back  again.  An 
engine  will  generally  go  on  the  rails  easiest  by  taking  it  back 
over  the  same  route  it  went  off. 

In  the  event  of  an  engine  going  off  the  track,  a  few  minutes 
inspection  should  show  whether  or  not  it  can  be  gotten  on  again 
without  assistance.  Sometimes,  if  the  engine  is  close  to  the 
rails  and  has  not  settled  down  in  the  road  bed,  it  can  be  gotten 
on  the  track  again  without  assistance  other  than  a  wrecking 
frog  and  wedges,  or  a  couple  of  car  replacers.  In  some  cases, 
another  engine  may  be  necessary  to  assist  in  pulling  the  derailed 
one  on  the  track.  The  engineer  of  the  engine  that  is  pulling 
should  always  be  prepared  to  stop  quickly,  in  case  things 
do  not  go  just  as  they  are  expected.  Good  judgment  must  be 
exercised  in  placing  wedges  or  replacers  in  position,  for  a  little 
thought  in  regard  to  this  may  save  hours  of  hard  work. 

It  frequently  happens  that  engines  get  off  the  track  so  badly 
that  nothing  can  be  done  toward  getting  them  on  again  without 
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the  aid  of  heavy  tools.  In  such  cases,  no  tirae  should  be  lost  in 
sending  for  the  wrecking  car  and  crew.  If  the  engine  is  badly 
listed  to  one  side,  or  stands  in  such  a  position  that  some  of  the 
firebox  sheets  are  bare,  the  fire  should  be  banked  deeply  or  put 
ontj  so  as  to  prevent  any  part  of  the  boiler  becoming  overheated 
If  the  engine  has  to  be  jacked  up,  a  lot  of  work  can  be  saved 
by  putting  nuts,  or  pieces  of  iron,  between  the  bottom  of  the 
driving  boxes  and  the  pedestal  binders,  so  that  the  wheels  will 
lift  with  the  frame.  As  the  engine  is  lifted,  blocking  should  be 
put  in  place  underneath  it  to  **hold  good"  all  that  the  engine 
is  raised.  If  the  engine  truck  does  not  raise  with  the  rest  of  the 
engine,  chain  it  to  the  frame,  or  it  will  have  to  be  pried  up  and 
blocking  put  beneath  it.  If  the  truck  wheels  stand  at  an  angle, 
they  should  he  pulled  into  line  with  a  tail-rope  or  chain.  When 
the  engine  has  been  raised  high  enough,  cross-ties  may  be  laid, 
and  rails  put  under  the  wheels.  Then  the  best  way  to  get  it 
upon  the  main  track  will  be  to  break  the  joints  and  swing  the 
ends  of  the  rails  around  far  enough  to  connect  with  the  rails 
on  which  the  engine  rests.  The  engine  may  then  be  moved 
outy  the  main  track  swung  back,  and  the  rails  again  connected* 


HEBTTCrN^G    THS    FOBCS    OF    COLJJSIOK. 

63.  When  in  danger  of  a  head-end  collision,  the  engineer 
should  close  the  throttle  va?ve,  whistle  for  brakes  (if  hand- 
brakes are  used),  open  the  sand  lever,  reverse  the  engine,  and 
open  the  throttle.  If  the  train  is  equipped  with  air  brakes 
instead  of  hand-brakes,  close  the  throttle,  make  an  emergency 
application  of  the  brakes,  and  open  the  sand  lever,  biU  do 
not  reverse  th^  engine.  By  proceeding  thus,  the  force  of  the 
collision  will  generally  be  reduced,  if  the  collision  is  not 
entirely  prevented. 

If,  in  the  case  of  a  train  with  hand-brakes,  it  is  seen  that 
a  collision  is  inevitable,  be  sure  to  close  the  throttle  (the  engine 
being  reversed)  before  the  engines  come  together  to  prevent 
injury  through  escaping  steam;  also,  if  left  open  and  the  engine 
is  not  disabled  by  the  collision,  it  may  escape  and  cause  further 
damage.     The  engineer  should  not  leave  his  engine,  no  matter 
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how  imminent  the  danger,  until  after  he  has  used  all  means  of 
stopping,  or  at  least  checking  the  speed  of  the  train.  Then, 
however,  if  a  violent  or  dangerous  collision  is  unavoidable,  he 
may  protect  himself  by  jumping  off  the  engine,  or  remain  on  it, 
as  he  deems  best;  but  he  should  never  think  of  jumping  until 
after  he  has  done  all  in  his  power  to  prevent  the  collision, 
especially  if  he  is  on  a  passenger  train. 

If  a  collision  is  likely  to  occur  on  a  railroad  crossing  and 
cannot  be  avoided  by  either  train,  the  train  occupying  the 
crossing,  if  moving,  should  be  brought  to  a  standstill,  if  possible, 
before  the  approaching  train  strikes  it.  By  this  means  the 
moving  train  will  simply  cut  its  way  through  the  other,  whereas, 
if  both  were  moving  when  cut  in  two,  the  cars  to  the  rear  of  the 
cut  would  crash  forwards  and  pile  up  the  cars  of  both  trains  on 
the  crossing.  Even  though  the  engineer  of  the  train  on  the 
crossing  sees  that  a  collision  is  unavoidable  and  that  he  cannot 
stop  his  train  before  being  struck,  yet  he  should  try  his  best 
to  stop,  for  the  reason  that  the  slower  the  train  is  moving  when 
struck,  the  less  will  be  the  damage  resulting  from  the  collision. 

64.  Damag^ed    Front   End   or   Smokestack. — In   the 

event  of  a  collision  where  the  front  end  is  damaged  to  such  an 
extent  that  the  steam  pipes  are  both  broken,  the  engine  will 
have  to  be  towed  to  the  shop.  If  one  steam  pipe  only  is 
broken,  the  engine  may  be  run  in  by  making  a  blind  joint  in 
the  niggerhead  to  keep  steam  out  of  the  disabled  steam  pipe. 
If  only  the  front  end  door  or  door  ring  is  broken,  steam  enough 
to  get  the  engine  in  can  be  kept  up  by  boarding  up  the  opening 
or  by  the  use  of  a  canvas  curtain. 

In  case  the  smokestack  gets  knocked  off,  about  the  only 
remedy  is  to  knock  the  heads  out  of  a  barrel  and  fasten  it 
upright  over  the  hole  by  means  of  bell  cord,  securing  it  to  the 
hand  rails. 

POINTS    ON    WHICH    ENGINE    IS    CARRIED. 

65.  The  entire  weight  of  an  engine  is  carried  by  the  truck 
wheels,  driving  wheels,  and  engine-trailer  wheels,  if  it  has  the 
latter;  yet  it  is  so  arranged  that  this  weight  does  not  bear 
directly  on  each  of  the  boxes,  when  the  springs  and  equalizers 
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are  in  good  order.  For  instance,  the  forward  end  of  an  ordinary 
American  eight-wheeled  engine,  although  carried  by  the 
wheels  of  the  truck,  only  rests  on  the  center  casting  of  the 
engine  truck.  The  weight  on  the  drivers  is  carried  by 
the  springs,  these  rest  on  the  boxes,  and  the  weight  of  the 
engine  is  transmitted  to  them  by  the  spring  hangers,  equalizers, 
and  equalizer  fulcrums.  The  points  where  the  frame  comes  in 
contact  with,  and  rests  on,  this  spring  gear  (namely,  the  fulcrum 
points  of  the  equalizers),  and  the  center  casting  of  the  engine 
truck  are  really  the  points  that  are  carrying  the  weight  of  an 
eight- wheeled  engine.  On  a  Mogul,  the  weight  is  carried  on  the 
fulcrum  points  of  the  equalizers. 


BREAKDOWNS. 


BREAKDOWNS  COMMON  TO  ALL  TYPES 

OF  ENGINES. 

1.  The  object  of  explaining  breakdowns  at  length  is  to 
give  enginemen  a  thorough  knowledge  of  what  to  do  in  the 
event  of  a  breakdown,  in  order  to  quickly  get  the  engine  in 
shape  to  handle  the  train,  or  part  of  it,  and  to  clear  the  main 
line  in  the  shortest  time  possible.  The  repairs  made  in  an 
emergency  of  this  kind  should  be  such  as  can  be  done  most 
readily,  and  yet  insure  safety,  and  the  aim  should  be  to  cause 
as  little  delay  as  possible,  both  to  the  train  and  to  the 
general  traffic.  Just  what  should  be  done  in  any  given  case 
will,  of  course,  depend  largely  on  conditions.  On  a  busy  line 
it  may  be  policy  to  be  towed  in  to  clear  before  attempting 
to  make  repairs  that,  were  there  sufficient  time,  could  readily  be 
made  on  the  spot  and  the  train  brought  through  all  right.  The 
engineer,  therefore,  should  exercise  good  judguicnt  in  all  cases 
of  breakdowns,  and  act  promptly  and  vigorously,  remedying 
the  trouble  as  quickly  and  thoroughly  as  possible  with  the 
means  at  his  command. 

In  dealing  with  the  following  breakdowns  it  is  assumed  that, 
in  case  of  an  accident  that  necessitates  stopping  the  train,  the 
train  crew  will  take  all  precautions  necessary  to  protect  the 
train,  so  that  no  further  mention  will  be  made  of  this  point,  as 
it  would  simply  have  to  be  repeated  in  each  case.  It  must  be 
borne  in  mind,  however,  that  in  the  event  of  a  breakdown  you 
must  proceed  in  accordance  with  the  rules  and  n^gulations  of 
your  road  regarding  the  protection  of  the  train,  notifying 
officials,  etc. 

for  notiu  of  copyright,  seepage  imnudtately  following  the  title  page, 
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BISCONTnECTING  BODS. 

2.  General  Considerations. — In  the  event  of  an  acci- 
dent that  makes  it  necessary  to  disconnecli  one  side  of  the 
engine,  care  should  be  exercised  by  those  doing  the  work 
to  see  that  all  the  parts  it  is  necessary  to  remove  are  taken 
down,  so  that  they  will  not  cause  further  trouble.  On  the 
other  hand,  only  such  parts  as  it  is  necessary  to  remove 
should  be  taken  down;  time  is  important  in  a  case  of  this 
kind,  and  it  should  not  be  wasted  in  doing  unnecessary  work. 
For  instance,  if  the  cylinder,  piston,  or  piston  rod  is  damaged, 
but  the  rods,  cross- head,  guides,  etc.,  are  not,  it  may  be  easier 
and  quicker  to  let  the  piston  move  in  the  cylinder  than  to 
disconnect  and  take  the  rods  down.  In  this  case  see  that  the 
moving  rod  and  piston  are  properly  lubricated.  The  cross- 
head  and  guides  are  depended  on  to  carry  the  front  end  of 
the  main  rod. 

If  it  becomes  necessary  to  disconnect  both  sides  of  an  engine 
to  tow  the  engine  in,  the  same  precautions  should  be  taken  as 
when  disconnecting  one  side.  In  cold  weather  extra  preciaution 
must  be  observed.  In  the  event  of  both  sides  being  taken  down 
in  cold  weather,  and  it  becomes  necessary  to  knock  out  the  fire, 
proceed  as  per  directions  given  in  Locomotive  Management,  under 
the  heading  **  Injectors  Fail  to  Work  on  the  Road.'* 

3.  Valve  Kods. — In  order  to  take  down  a  valve  rod, 
proceed  as  follows:  First  open  the  cylinder  cocks  and  then 
make  sure  that  the  throttle  is  securely  closed;  next  take  down 
the  valve  rod  and  place  the  valve  in  its  mid-position,  in  order 
to  cover  both  steam  ports;  then  securely  fasten  or  clamp 
the  valve  stem,  so  as  to  keep  the  valve  in  its  central, 
position. 

To  disconnect  the  valve  rod,  first  take  out  the  top  rocker-pin, 
so  as  to  disconnect  the  rod  from  the  rocker.  Then  take  but 
the  valve-stem  key  and  remove  the  valve  rod — the  rod,  pin, 
and  key  being  put  together  and  pl«.ced  out  of  the  way  on 
the  tender.  The  valve  should  then  be  secured  in  its  place 
by  some  means. 
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A  bandy  device  for  this  purpose  ia  shown  in  Fig.  1.  The 
holes  a,  a  are  hored  bo  a«  to  fit  the  gland 
stude,  the  end  b  is  made  to  fit  the  valve-stem 
keyway,  and  the  part  c  is  made  of  such  a 
length  that  when  the  clamp  is  fastened  to 
the  gland  studs  and  the  end  b  is  in  the  key- 
way,  the  valve  will  be  held  in  mid- position,  covering  the  ports, 
as  shown  in  Fig.  2. 

Another  method  of  securing  the  valve  in  ita  place  is  to  tie 
the  valve  stem  to  the  running  board,  or  hand  rail,  in  such  a 
way  as  to  spring  the  valve  stem  sufficiently  to  insure  its 
holding  the  valve  in  position.  With  the  old  style  of  stuffing- 
box,  the  valve  may  be  held  in  position  by  simply  loosening 
the  nuts  on  one  stud  and  tightening  the  nuts  on  the  other  stud 
so  as  to  tilt,  or  cant,  the  gland  and  cause  it  to  pinch  the  stem. 

Still  another  method  is  to  cut  a  piece  of  flat  iron,  about 
1  inch  by  J  inch,  and  long  enough  bo  that  when  put  between 


the  valve  stem  and  stuffingbox  stud,  and  the  stud  nut  is 
screwed  down  on  it,  the  valve  stem  will  be  crowded  against  the 
side  of  the  stuffingbox  and  held  firmly  in  place, 

4.  Strup-End  Matn  Rods. — To  remove  tb<'  main  rud, 
l>^n  at  the  hack  end.  First,  take  out  the  key  and  then 
remove  the  rod-strap  bolts,  and  take  off  the  oil  cup  to  prevent 
bending  the  spindle.  Where  the  cup  is. forged  solid  with  the 
strap,  remove  the  spindle  if  necessarj'.  Then  block,  or  hold 
up  the  main  rod  so  that  it  will  not  drop  on  the  guide  yok^• 
when  pulled  out  of  the  strap.  To  pull  it  out  of  the  strap,  pry 
the  croeebead  toward  the  cylinder.    The  md  fhould  bi-  carpfnllx 
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let  down.  The  liners,  brasses,  bolts,  and  keys  should  all  be 
put  back  in  the  strap,  and  placed  where  none  of  the  parts  will 
get  lost. 

The  front  end  of  the  main  rod  can  now  be  removed.  To  do 
this  in  cases  where  the  wristpin  cannot  be  taken  out,  remove 
the  strap  bolts,  after  which  the  rod  may  be  taken  down  and 
placed  out  of  the  way,  upon  the  foot-board  or  upon  the  pilot 
The  strap  and  brasses  should  be  taken  from  the  wristpin,  and 
the  brasses,  liners,  and  bolts  placed  in  the  strap,  and  the  key 
driven  home  to  hold  the  parts  together.  If  the  wristpin  is 
removable,  remove  it  in  taking  down  the  front  end,  as  that  will 
be  much  easier  than  removing  the  strap,  etc 

6.  Solid-End  Main  Rods. — In  the  event  of  a  solid-end 
rod  having  to  be  taken  down,  begin  with  the  front  end.  Slack  oflE 
on  the  key  (remove  it,  if  necessary),  remove  the  wristpin  from 
the  crosshead,  and  carefully  lower  the  front  end  of  the  rod. 
Then  take  the  back  end  oflf  the  main  pin,  and  place  the  rod  in 
some  safe  place  on  the  engine,  where  it  will  be  as  much  out  of 
the  way  as  possible.  The  wristpin  should  then  be  put  in  place 
in  the  crosshead,  its  washer  and  nuts  next,  and  the  cotter  pin 
then  replaced. 

On  engines  where  the  main  rod  is  connected  to  the  main 
pin  inside  the  side  rod,  it  may  be  necessary  to  remove  the 
side  rod  to  get  the  back  end  of  the  main  rod  off  the  pin; 
in  this  case,  if  the  side  rod  does  not  have  to  stay  down, 
replace  it  again,  taking  care  to  securely  fasten  the  nuts  on  the 
end  of  the  pins  to  avoid  further  trouble. 

In  case  the  end  of  the  main  rod  on  the  main  pin  is  outside  the 
side  rod,  and  there  is  no  collar  on  the  pin  between  the  brasses, 
the  side  rod  will  have  too  much  side  play  on  the  pin  when  the 
main  rod  is  removed.  In  that  event,  the  main- 
rod  end  can  be  replaced  with  a  collar  block  like  ^ 
that  shown  in  Fig.  3^  i)rovided  the  engineer  has 
been  thoughtful  enough  to  keep  one  on  the  engine 
with  him.  If  no  such  clamp  is  at  hand,  cut  some  E 
blocks  the  proper  length  and  wire  them  on  to  the  Fio.  8. 

main  pin.     You  can  probably  get  in  to  clear  by  this  means^ 
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and  a  suitable  clamp  can  then  be  made  for  the  purpose. 
Aft«r  taking  down  the  main  rod,  the  next  thing  to  do  is  to 
block  the  croBshead. 


BLOCKTVG    THE    CBOSSHBAD. 

6.  Alligator  Type, — If  the  crosshead  is  of  the  alligator 
type,  push  it  to  the  back  end  of  the  guides  until  it  is  even  with 
the- travel  mark,  and  block  it  there  securely  to  prevent  its 
moving  should  eteiun  leak  into  the  cylinder.  It  is  always  a 
good  plan  to  remove  the  cylinder  cock  from  the  end  that  the 
pieton  is  in,  or  block  it  open  to  insure  against  an  accumulation 
of  pressure  back  of  the  piston.  A  method  of  blocking  this 
type  of  crosshead  is  shown  in  Fig.  4  (o).  View  (6)  shows  a 
handy  clamp  for  this  purpose.  If  no  clamp  is  at  hand,  wire 
the  block  in  place,  or  use  a  piece  of  bell  cord,  or  other  cord,  or 
rope,  that  is  strong  enough.  The  crosshead  should  be  blocked 
at  the  back  end  of  the  guides,  for  the  reason  that  it  it  should 
come  loose  and  the  piston  be  forceil  forwards  through  the  front 
cylinder  head,  less  damage  will  be  dune  than  would  be  the  case 
if  the  piston  were  forced  through  the  back  head.  On  some 
engines,  however,  the  piston  must  be  blocked  to  the  front  end 


of  the  cylinder,  for  the  reason  that  the  crankpin  on  the  front 
driver  will  not  clear  the  crosshead  when  it  is  at  the  back  end 
of  the  guides. 

To  prevent  the  packing  ring  getting  into  the  counterbore,  the 
block  for  blocking  the  crosshead  should  be  cut  to  such  a  length 
that  the  crosshead  will  not  be  moved  beyond  its  usual  travel 
mark,  and  a  wooden  wedge  should  be  driven  between  the  back 
of  the  crosshead  and  the  guide. 


62  BREAKDOWNS.  §9 

7.  Trnderhimy  Tyi>e. — If  the  engine  haa  an  underhung 
crosehead  and  two-bar  guides,  the  main  rod  can  be  removed,  the 
croeehead   pushed  to  the  back  end  of  the  guides,  and  then 


blocked  in  the  manner  shown  in  Fig,  5.  This  blocking  may 
be  held  with  clamps,  as  shown  in  the  figure^  or  it  may  be 
wired  or  tied  in  place. 


S.  ZjooomotlTe  Type. — It  the  croeshead  is  of  the  loco- 
motive type,  having  four-bar  guides,  it  can  be  blocked  aa  shown 
in  Fig.  6.  

8TDK    RODS. 

9.  American  Standard  Engine. — To  take  down  or 
remove  a  side  rod  on  an  eight- wheeled,  or  American  stand- 
ard, engine,  it  will  be  necrasary  to  take  off  both  rod  straps.  To 
do  this,  loosen  the  setscrewB  that  hold  the  front  rod  keys, 
remove  the  key  in  the  front  end  of  the  rod,  and  the  front  key 
in  the  back  end  of  the  rod,  take  the  rod  bolts  out,  and,  if  the  oil 
cupe  are  screwed  on  to  the  strap,  they  should  be  taken  off  to 
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prevent  bending  the  spindles.  If  the  cups  are  solid  on  the  rod, 
it  may  be  necessary  to  remove  the  spindles  instead  of  the  cups. 
With  some  designs  of  cups,  however,  it  is  not  necessary  to 
remove  either.  While  taking  off  the  straps,  the  rod  should  be 
held  in  position  so  that  it  cannot  fall  and  become  damaged. 
The  brasses,  liners^  bolts,  and  keys  should  be  put  back  in  their 
places  in  the  straps  to  prevent  their  being  lost. 

If  the  rods  have  solid  ends,  the  nuts  and  washers  on  the 
end  of  the  pins  must  be  taken  off,  after  which  the  rod  can  be 
taken  down.  The  washers  and  nuts  should  then  be  put  back 
in  place  to  prevent  injury  to  the  threads  on  the  pins. 

If  the  engine  is  so  constructed  that  the  side  rods  are  con- 
nected to  the  main  pin  between  the  wheel  and  the  mam  rod, 
the  back  end  of  the  main  rod  may  have  to  be  taken  down  to  get 
the  side  rod  down.  If  the  main  rod  is  connected  to  the  main 
pin  next  to  the  wheel,  and  there  is  no  collar  on  the  pin,  a  collar 
block,  Fig.  3,  will  have  to  be  used  to  keep  the  main  rod  in  place 
on  the  journal  of  the  pin.  If  it  ever  becomes  necessary  to  take 
down  a  side  rod  on  one  side  of  an  engine,  its  mate  on  the  other 
side  must  be  taken  down  also;  for  if  this  is  not  done,  the 
chances  are  that  either  the  rod  that  is  left  up,  or  its  pins,  will 
be  bent  or  broken.  When  an  engine  is  run  with  only  one  side 
rod  up,  the  main  driver  has  to  drag  the  second  driver  with  it 
by  one  side  only;  the  second  driver,  therefore,  lags  behind  the 
main  driver,  and  as  a  result,  the  latter  passes  the  center  slightly 
in  advance  of  the  former,  which  throws  a  heavy  strain  on  the 
rod  and  its  pins,  and  both  are  very  apt  to  be  bent  or  broken. 

10.  MofiTtil  or  a  Ten- Wheeled  Engine. — When  remov- 
ing the  rods  on  a  mogul  or  a  ten-wheeled  engine,  the  main  rod 
may  be  taken  down  in  the  same  manner  as  that  of  a  standard 
engine,  but  if  the  side  rods  are  damaged  so  that  they  also 
must  be  removed,  proceed  as  follows:  If  the  damage  is  in  the 
section  having  the  knuckle  joint,  all  the  side  rods  must  be 
taken  down,  because  with  the  knuckle  section  gone,  there  will 
be  nothing  to  hold  the  other  section  in  position  and  connect  it 
with  the  main  pin.  If  the  short  section  is  the  one  damaged, 
it  will  only  be  necessary  to  remove  that  section  and  its  mate. 
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11.  Consolidation  Sngrtnes. — ^When  it  beoomes  neces- 
sary to  disconnect  and  take  down  the  rods  on  a  consolidation 
engine,  the  main  rod  may  be  taken  down  in  the  same  manner 
as  in  any  other  design.  If  the  engine  is  of  the  very  large 
types,  and  the  crew  is  unable  to  take  down  the  rods  and 
place  them  upon  pilot  or  footboard,  the  rods  can  be  left  up  and 
the  engine  run  in  with  safety,  if  proper  precautions  are  taken. 
If  the  rods  are  left  up,  remove  the  vacuum  relief  valves  in  the 
cylinder  heads.  Also,  unscrew  the  caps  from  the  indicator 
plugs  (if  they  are  provided)  in  the  top  part  of  the  cylinder,  so 
as  to  provide  a  means  of  getting  sufficient  oil  into  the  cylinders 
to  freely  lubricate  them.  Another  method  is  to  shift  the 
valve  and  clamp  it  on  its  seat  in  such  a  position  that  it  will 
make  a  very  small  opening  into  the  cylinder,  and  thus  by 
allowing  a  small  amount  of  steam  to  enter,  prevent  the  piston 
from  cutting  the  walls  of  the  cylinder.  This  scheme  makes 
it  convenient  to  start  the  engine  off  the  center,  in  case  the 
engine  happens  to  stop  on  one.  To  do  this,  close  the  cylinder 
cocks  on  the  disabled  side,  and  the  steam  will  move  the  engine 
off  the  center.  After  the  engine  is  moved,  the  cylinder  cocks 
should  again  be  removed,  or  blocked  open. 

If  an  accident  occurs  to  the  side  rods  of  a  consolidation 
engine,  such  as  a  broken  front,  center,  or  back  section,  it  will  at 
least  require  the  removal  of  the  broken  rod  and  its  mate  on  the 
opposite  side.  The  knuckle-joint  pins  are  in  the  front  and  back 
sections,  so  that  if  the  trouble  is  in  the  front  section  on  one  side, 
only  the  broken  rod  and  its  mate  must  be  removed;  to  do  this 
the  crankpin  should  be  placed  on  the  bottom  quarter,  as  in  this 
position  the  knuckle-joint  pin  can  be  taken  out  through  the 
spokes  of  the  wheels  and  the  front  end  of  the  rod  can  be  taken 
off  the  pin  under  the  bottom  guide.  If  an  accident  occurs  to 
the  center  section,  all  side  rods  must  be  taken  down  and  the 
engine  run  with  main  drivers  only.  If  an  accident  occurs  to  one 
side  of  the  back  section,  only  the  broken  rod  and  its  mate  should 
be  removed.  TTie  principle  of  disconnecting  twelve-wheelers, 
decapods,  etc.  is  the  same  as  that  of  a  consolidation  engine. 
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BItOK£N    B£\rBBSE-i:BVBR    BEACH    BOD. 

12.     In  the  event  of  a  broken  reverse-lever  reach  rod,  the 
links  should  be  raised  to  such  a  position  as  will  enable  the 
engine  to  handle  the  train  conveniently,  and,  if  the  tumhling- 
shaft  lever  extends  through  the  running  board,  the  links  may  he 
held  in  position  by  placing  a  block  in  the  slot  in  the  running 
board  on  either  side  of  the  lever.     If  the  engine  is  so  con- 
structed   that    the 
tumbling-shaft     lever 
does    not   extend   up      rfPllJP 
through  the   running     ^.l;;     I;' 
board,  it  will  be  neces-       * 
sary  to   put  a   block 
in  the  link  slot  on  the 
top  of  the  link  block 
that    is    sufficiently 
long  to  hold  the  links 
up    to    the     desired 
height.     With   the 
links  blocked  in  this 
mannet,  .the     engine 
can  be  run  ahead  at 
a  fair  rate  of  speed; 
but  when  it  becomes 
necessary  to  mn  back- 
wards,    the     blocking 
will    have    to    be 
changed  and  a  longer 
block  put  in  the  link 
slot  to  raise  the  links 
to  the  proper  height.  7,g.  7. 


13.  The  remedy  in  the  event  of  any  of  the  above  parts 
breaking  will  be  the  same  in  all  cases,  and  is  as  follows: 
Remove  all  broken  parts  to  avoid  further  trouble;  then,  by 
means  of  the  reverse  lever,  drop  the  link  on  the  good  side  far 
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enough  so  that  the  engine  can  surely  start  the  train;  the  heavier 
the  train  the  more  it  should  be  dropped.  Next,  measure  the 
distance  between  the  top  of  the  link  block  and  the  top  of  link 
slot  and  cut  a  block  of  that  length  that  will  fit  into  the  slot  of 
the  link  on  the  broken  side,  as  represented  in  Pig.  7,  a  handy 
block  clamp  being  shown  in  this  figure,  also.  The  tumbling 
shafts  on  most  engines  are  so  constructed  that  the  tumbling- 
shaft  arm  on  the  disabled  side  will  drop  in  behind  the  top  of 
the  link  when  it  is  forward  in  full  gear,  unless  the  link  is 
blocked  down  far  enough  to  clear  it;  as  the  top  of  the  link 
moves  back,  it  strikes  the  end  of  the  arm,  and  a  broken 
eccentric  strap  or  tumbling-shaft  stand  results.  Fig.  8  shows 
the  method  of  doing  this  work.  No  damage  will  result  from 
hooking  the  good  link  up,  however,  but  the  cut-off  on  the 
blocked-up  side  will  remain  constant,  whereas  the  cut-off  on  the 
good  side  will  be  shortened.  Blocked  up  in  the  manner  just 
described,  an  engine  cannot  be  reversed,  and  in  the  event  of  it 
becoming  necessary  to  back  up  at  any  time,  the  block  in  the  slot 
of  the  disabled  link  must  be  replaced  with  one  long  enough  to 
raise  the  link  up  where  it  belongs  for  backing  up.  Thus  it 
must  be  borne  in  mind  that  the  engine  cannot  be  reversed  while 
running^  and  should  not  be  run  without  a  good  brake  to 
stop  her. 

-BBKHKK^    TOP    OR    BOTTOM    BOOKBB-ABM. 

14,  When  a  top  rocker-arm  breaks,  it  necessitates  the 
removal  of  the  valve  rod,  the  broken  part  of  the  rocker-arm, 
and  the  main  rod  on  that  side;  also,  the  crosshead  must  be 
blocked,  and  the  v«tlve  clamped  in  mid-position  to  cover  the 
steam  ports. 

If  the  bottom  rocker-arm  breaks,  remove  the  broken  parts. 
If  the  eccentric-rod  bolt  in  the  front  end  of  the  forward-motion 
eccentric  rod  does  not  travel  too  close  to  any  part  of  the  rocker- 
arm  still  remaining,  the  link  may  be  left  up,  but  if  there  is  any 
danger  of  its  striking  the  broken  arm,  the  link,  eccentric  rods 
and  straps  should  be  tiiken  down  to  prevent  further  damage. 

If  a  transmission  bar  is  used  to  transmit  the  motion  from  the 
link  to  the  bottom  rocker-arm,  as  on  many  designs  of  engines 


-     • 
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having  short  eccentric  and  valve  rode,  the  end  connected  to 
the  broken  rocker  may  be  chained  to  the  front  belly  brace,  and 
carried  that  way  so  as  to  avoid  loss  of  time  in  removing  it. 


BROKEN   FOBWARD-MOnON   ECCKNTRIC    STRAP   OB    BOD. 

15.  Should  a  forward-motion  eccentric  strap  or  rod  break 
on  an  engine  having  short  eccentric  rods,  when  only  a  short 
distance  from  destination,  remove  the  broken  strap  and  rod, 
take  down  the  valve  rod,  clamp  the  valve  in  such  position  as  to 
barely  open  the  steam  port,  and  leave  the  main  rod  up.  Then 
take  oflf  the  link  hanger  and  allow  the  link  to  ride  on  the  link 
block.  This  method  can  also  be  used  on  engines  having  trans- 
mission bars,  if  the  distance  to  be  run  is  not  too  great.  How- 
ever, if  it  is  very  far  to  the  destination,  it  is  best  to  take  down 
both  the  eccentric  straps  and  rods  on  the  disabled  side,  and 
proceed  with  as  much  of  the  train  as  can  be  handled  with  the 
good  side  of  the  engine.  This  is  a  case  where  the  engine  can  be 
run  with  both  main  rods  up  if  the  rules  of  the  road  permit. 


BROKEN    BACK-MOTION    ECCENTRIC    STRAP    OR    ROD. 

16.  In  the  event  of  the  back-motion  eccentric  strap  or  rod 
breaking,  the  engine  can  be  run  ahead  with  the  reverse  lever  in 
the  forward  comer  by  taking  down  the  broken  rod  and  strap, 
taking  care  to  fasten  the  bottom  end  of  the  link,  both  for- 
ward and  back,  so  that  it  cannot  swing  back  and  forth. 
To  avoid  damage  that  might  result  in  case  the  engine  should 
be  reversed,  a  block  of  wood  should  be  secured  in  the  link 
slot  between  the  bottom  of  the  link  block  and  the  bottom 
of  the  link.  This  block  is  intended  to  make  it  impossible  to 
thoughtlessly  reverse  the  engine  while  the  back-up  eccentric  rod 
is  missing.  If  it  becomes  necessary  to  run  the  engine  back- 
wards while  in  this  condition,  the  forward-motion  eccentric 
strap  and  rod  must  be  taken  down  and  also  the  valve  rod  and 
main  rod  on  the  disabled  side;  then  clamp  the  valve  so  as  to 
cover  the  steam  ports,  and  push  the  crosshead  to  the  back  end 
of  the  guides  securely  and  block  it  there.  The  engine  can  then 
be  run  either  backwards  or  forwards  by  means  of  the  good 
side.     Should  this  mishap  occur  while  handling  a  train  that 
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could  not  be  moved  with  one  side,  and  it  became  necessary 
to  back  the  train  ofif  the  main  track,  the  forward-motion  strap 
and  rod  could  be  taken  down  and  turned  upside  down  so  that 
the  jaw  on  the  rod  could  be  coupled  to  the  link  and  the  other 
end  put  on  the  back-motion  cam.  If  it  does  not  fit  the  cam 
exactly,  leave  the  strap  loose  enough  to  prevent  binding.  This 
arrangement  will  give  the  use  of  both  sides  of  the  engine  for 
backing  up.  The  cam  can  be  oiled  by  removing  the  plug  in  the 
oil  well  of  the  strap.  In  most  cases,  this  scheme  can  be  used 
in  times  of  emergency,  with  either  short  or  long  eccentric  rods. 


SLIPPED    ECCENTRICS. 

17.  Wliat  to   Do   In  Case  of  a  Slipped  Eccentric. 

The  question  of  what  is  best  to  do  when  an  eccentric  slips 
during  the  run  is  one  that  cannot  be  answered  off-hand,  since 
the  governing  conditions  differ  in  every  case,  and  the  engineer 
must  act  in  accordance  with  the  prevailing  conditions.  A 
slipped  eccentric  will  be  indicated  by  the  engine  ''going  lame'* 
or  ''out  of  square*';  that  is,  the  exhausts,  instead  of  occurring 
at  regular  intervals,  will  be  irregular.  Now,  if  an  engine 
should  slip  an  eccentric  far  enough  to  make  her  quite  lame,  yet 
not  far  enough  to  prevent  the  usual  time  being  made,  the  best 
course  to  pursue  would  be  to  keep  the  valves  well  oiled  and  get 
in  on  time,  if  possible,  and  report  the  slipped  eccentric  at  the 
end  of  the  run.  If  the  eccentric  should  slip  so  far  that  time 
could  not  be  made,  the  course  to  pursue  would  be  to  get  on  a 
siding  at  the  first  opportunity,  so  as  to  leave  the  main  line  free 
while  the  eccentric  is  being  reset.  On  the  other  hand,  if  the 
engine  should  suddenly  go  very  lame,  the  proper  course  would 
be  to  stop  immediately,  protect  the  train,  and  proceed  to  find 
out  the  cause.  The  trouble  instead  of  being  caused  by  a 
slipped  eccentric  may  be  due  to  a  broken  eccentric  or  strap,  or 
a  broken  valve  yoke,  and  serious  damage  may  result  from 
attempting  to  run  the  engine  in  its  crippled  condition. 

18.  L-ocatlng  a  Slipped  Eccentric. — If  the  exhaust 
suddenly  goes  badly  out  of  square,  proceed  as  follows:  Imme- 
diately close  the  throttle,  but  do  not  move  the  reverse  level 
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until  the  train  has  stopped.  After  coming  to  a  stop,  inspect 
the  engine  to  ascertain  what  is  wrong;  feel  the  eccentrics  to  see 
if  one  is  warmer  than  the  others,  as  the  warmer  is  probably  the 
one  that  has  slipped. 

To  locate  a  slipped  eccentric,  open  the  cylinder  cocks,  place 
.the  reverse  lever  in  the  forward  comer,  and  start  the  train 
slowly.  Watch  whether  steam  discharges  from  the  cylinder 
cocks  on  either  cylinder  the  instant  the  crosshead  reverses  its 
motion.  It  should  do  this,  and  if  it  does  not  at  one  cylinder 
cock,  the  eccentric  slipped  will  be  the  go-ahead  eccentric  on 
that  side.  If  the  valves  are  all  right  in  full  gear,  but  are  out  of 
square  when  in  the  usual  working  notch,  it  would  indicate  that 
the  trouble  is  in  a  back-up  eccentric.  The  effect  of  a  slipped 
eccentric  is  to  either  increase  or  decrease  the  lead,  depending  on 
whether  the  eccentric  slipped  toward,  or  away  from,  the  main 
pin.  Hence,  a  slipped  eccentric  will  cause  steam  to  appear 
either  too  soon  or  too  late  at  both  cylinder  cocks,  while  an 
eccentric  rod  of  improper  length  will  cause  it  to  appear  too 
early  at  one  and  too  late  at  the  other  cock. 

19.  Setting:  a  Slipped  Eccentric. — ^When  the  eccen- 
trics are  in  their  proper  positions,  a  mark  should  be  made  on 
the  eccentrics  and  driving  axle  that  will  indicate  their  correct 
positions;  then,  should  an  eccentric  slip  during  the  run,  it 
can  be  reset  both  rapidly  and  accurately  by  simply  moving  the 
eccentric  until  the  marks  come  together  again.  Unfortunately, 
the  marking  of  eccentrics  is  not  followed  generally;  hence, 
enginemen  are  obliged  to  understand  other  quick  methods  that 
will  enable  them  to  set  the  eccentrics  at  least  approximately 
correct  in  as  short  a  time  as  possible.  There  are  several  quick 
methods  of  setting  an  eccentric,  some  of  which  require  more 
time  for  the  work  than  others,  but  where  time  is  extremely 
short,  the  best  plan  is  simply  to  guess  at  the  proper  position. 
Before  going  under  the  engine,  be  sure  to  block  it  securely  as 
a  protection  against  accident;  then  move  the  slipped  eccentric 
until  its  web  or  spoke  forms  an  angle  with  the  main  pin  as 
nearly  equal  to  that  of  the  other  eccentric  as  it  is  possible  to 
judge.     Secure  the  eccentric  in  this  position  and  get  away  at 
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the  earliest  possible  moment  A  thorough  knowledge -of  the 
relative  positions  of  the  eccentrics  to  their  main  pin  will  be  of 
the  greatest  value  in  setting  an  eccentric  by  guess. 

first  Method, — If  unable  to  judge  of  the  relative  positions  of 
the  eccentrics,  proceed  as  follows:  Remove  a  setscrew  from  the 
eccentric;  stick  a  lead  pencil  in  the  setscrew  hole;  roll  the 
eccentric  on  t^e  axle  in  the  proper  direction  until  the  old  mark 
where  the  setscrew  has  been  is  found;  tighten  the  setscrews  on 
the  axle,  and  the  eccentric  is  reset  to  the  old  mark. 

Second  Method, — When  this  method  is  used  to  set  a  go-ahead 
eccentric,  the  engine  on  the  disabled  side  must  be  placed  on  the 
forward  dead  center,  with  the  reverse  lever  in  the  back  comer. 
Then  scratch  a  mark  on  the  valve  stem  flush  with  the  face  of 
the  gland,  and  move  the  reverse  lever  to  the  front  corner. 
Block  the  engine  securely,  and  roll  the  go-ahead  eccentric  until 
its  web  points  toward  the  top  quarter;  then  roll  it  toward  the 
main  pin  until  the  scratch  on  the  valve  stem  is  again  flush 
with  the  gland,  that  is,  in  the  same  position  as  when  it  was 
made,  and  tighten  the  setscrews  to  hold  the  eccentric  in  position. 

When  the  engine  is  on  the  front  center  and  the  reverse  lever 
is  in  the  back  comer,  the  slide  valve  (provided  the  back-up 
eccentric  is  properly  placed)  is  in  the  proper  position  to  give 
the  required  lead;  the  valve  stem  is  marked  to  indicate  this 
position.  When  the  go-ahead  eccentric  is  properly  placed  on 
the  axle,  moving  the  reverse  lever  from  the  back  corner  to  the 
front  comer  will  only  move  the  valve  an  amount  equal  to  the 
lap  and  lead  of  the  valve.  Suppose  it  is  not  properly  located: 
In  that  event  it  is  first  rolled  away  from,  and  then  toward, 
the  main  pin  (to  take  the  slack  in  the  right  direction)  until  the 
scratch  on  the  valve  stem  is  flush  with  the  gland  again,  in 
which  position,  of  course,  the  valve  must  be  properly  placed 
to  give  the  required  lead. 

Third  Method, — To  reset  a  go-ahead  eccentric,  place  the  dis- 
abled side  of  the  engine  on  the  back  center,  place  the  reverse 
lever  in  the  front  comer,  open  the  cylinder  cocks,  and  block 
the  engine  securely.  Go  under  the  engine  and  roll  -the  eccen- 
tric on  the  axle  until  its  web  points  toward  the  bottom 
quarter,  then  have  the  fireman  carefully  open  the  throttle  a 
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small  amount  Slowly  roll  the  eccentric  toward  the  main  pin 
until  steam  shows  at  the  back-cylinder  cock,  when  the  setscrews 
should  be  tightened.  This  will  give  the  valve  a  small  amount 
of  lead  in  forward  motion. 

To  prove  whether  the  eccentric  is  properly  placed,  open  the 
cyKnder  cocks  and  the  throttle — ^the  latter  slightly;  then  move 
the  reverse  lever  from  the  front  to  the  back  comer  and  back 
again,  and  note  the  discharge  of  steam  from  the  back-cylinder 
cock  for  each  position  of  the  lever.  When  in  backward 
motion,  the  back-up  eccentric  gives  the  valve  its  lead;  when  in 
forward  motion,  the  go-ahead  eccentric  gives  the  valve  its  lead. 
The  lead  will  be  the  same  in  both  motions  if  the  eccentrics  are 
correctly  set;  if,  however,  one  of  the  eccentrics  has  slipped,  or 
is  not  correctly  placed  on  the  axle,  the  lead  will  be  unequal  in 
the  two  motions,  and  the  discharge  of  steam  from  the  back- 
cylinder  cock  will  be  unequal  also.  If,  then,  the  discharge 
from  the  back  cock  is  the  same  for  both  positions  of  the  lever, 
the  eccentric  is  correctly  placed.  If  the  discharge  is  heavier 
when  the  lever  is  in  the  forward  comer,  the  valve  has  too  much 
lead  in  forward  motion,  and  the  go-ahead  eccentric  must  be 
rolled  slightly  away  from  the  main  pin  to  reduce  the  lead  and 
equalize  the  discharge.  If  it  is  heavier  when  the  reverse  lever 
is  in  the  back  corner,  it  indicates  that  the  valve  has  too  little 
lead  in  forward  motion,  and  the  eccentric  must  be  rolled  slightly 
toward  the  main  pin  to  increase  it. 

To  set  the  back-up  eccentric — when  it  can  be  set  without 
taking  the  go-ahead  strap  down — place  the  engine  on  the 
front  center  with  the  reverse  lever  in  the  back  corner.  Begin 
with  the  back-up  eccentric  web  pointing  toward  the  bottom 
quarter,  and  roll  the  eccentric  toward  the  main  pin  until  steam 
escapes  from  the  front  cyUnder  cock,  when  the  eccentric  should 
be  secured  to  the  axle. 

An  easy  and  fairly  accurate  method  of  quickly  determining 
when  an  engine  is  on  the  dead  center,  for  use  in  cases  of  slipped 
eccentrics,  is  as  follows:  Find  the  travel  marks,  as  described 
in  Steam^  Cylinders,  and  Valve  Gears,  Part  2,  and  then  move  the 
engine  until  the  end  of  the  crosshead  corresponding  to  the  center 
desired  is  in  line  with  its  travel  mark. 
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The  foregoing  methode  apply  to  D  valves,  whether  balanced 
or  not,  operated  by  an  indirect  motion  that  uses  a  rocker-shaft. 
In  the  case  of  a  dirsct-motion  engine  with  a  D  valve,  or  a  piston 
valve  having  outside  admission,  the  position  of  the  eccentrics 
with  relation  to  the  crankpin  will  be  directly  opposite,  as  has 
been  mentioned  heretofore.  The  position  of  eccentrics  movii^ 
a  piston  valve  having  inside  admission  iB  directly  opposite  that 
of  the  eccentrics  of  a  D  valve  having  outside  admission. 


BHOKBN    VALVE    VOKB. 

20.  A  broken  valve  yoke  will  be  indicated  by  the  engine 
going  seriously  lame,  and  if  necessary  to  stop  to  ascertain 
the  cause  it  should  be  done  by  means  of  the  brakes.  Never 
reverse  the  engine  to  help  stop  the  train  in  the  event  of  the 
engine  suddenly  going  lame.     Aa  soon  as  the  train  comes  to 


a  standstill,  try  to  locate  the  trouble  aa  followa:  B^niung 
on,  say,  the  right  side,  place  the  right  main  pin  on  the  quarter; 
open  the  cylinder  cocks;  admit  a  little  steam  into  the  cylinders; 
and  then  move  the  reverse  lever  from  one  corner  to  the  other. 
If  steam  does  not  show  at  the  same  point  of  cut-off  in  both 
back  and  forward  motion,  the  trouble  is  on  that  side,  but  if 
steam  shows  at  the  same  point  of  cut-ofF,  the  trouble  is  probably 
on  the  left  side.  To  make  sure  that  the  trouble  is  on  the  left 
side  of  the  engine,  place  the  left  main  pin  on  the  quarter  and 
proceed  according  to  above  directions  for  the  right  side  of  the 
engine.    When  the  trouble  has  been  located,  proceed  as  follows; 
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Take  down  the  main  rod  on  that  side  and  block  the  crosshead; 
remove  the  steam-chest  cover;  disconpect  the  valve  rod,  and 
place  the  valve  so  as  to  cover  both  admission  ports  to  the 
cylinder,  a^  shown  in  Fig.  9;  and  fit  blocks  between  the  front  and 
back  sides  of  the  valve  and  the  steam  chest,  so  that  the  blocks 
will  hold  the  valve  in  place.     Then  replace  the  steam-chest  cover. 

If  the  valve  stem  is  broken  so  that  it  will  come  out  through 
the  gland,  a  wooden  plug  must  be  driven  into  the  valve-stem 
opening  from  the  inside  of  the  steam  chest. 

Another  method  is  to  simply  clamp  the  valve  ahead  in  a  posi- 
tion to  admit  steam  to  the  back  end  of  the  cylinder,  and  securely 
block  the  crosshead  at  the  front  end  of  the  guides. 

Still  another  method,  where  the  relief  valve  is  in  the  front  end 
of  the  steam  chest,  is  to  fit  in  th,e  relief  valve  a  plug  of  wood  that 
is  long  enough  to  hold  the  valve  exactly  over  the  ports.  This 
will  hold  the  valve  from  coming  forward.  It  can  be  held  from 
going  backwards  by  the  valve  stem,  which  should  be  clamped 
in  position  in  the  usual  manner. 

21.  If  the  cylinders  are  so  constructed  that  the  steam  pipes 
are  connected  to  the  side  of  the  steam  chest,  slack  up  on  the 
nuts  of  the  steam-chest  studs  and  then  remove  the  joint  at  the 
connection  and  insert  a  piece  of  1-inch  board,  sheathed  with  a- 
piece  of  sheet  metal  on  the  steam- pipe  side  to  prevent  the  steam 
blowing  a  hole  through  the  board.  A  piece  of  an  old  scoop 
will  serve  this  purpose  nicely.  Tighten  the  bolts  securely  to 
insure  a  tight  joint.  It  will  not  be  necessary  to  remove  the 
main  rod  on  large  engines  where  the  rod  is  very  heavy  and 
there  is  not  sufficient  help  present  to  take  it  down,  if  the 
cylinders  are  provided  with  pressure-relief  valves,  such  as  are 
used  in  the  cylinder  heads  of  many  makes  of  large  engines. 
The  compression  produced  in  the  cylinder  by  the  piston  can  be 
relieved  through  the  opening  made  by  removing  the  relief 
valves  in  the  cylinder  heads. 

In  the  event  of  the  steam  pipes  not  being  connected  to  the 
side  of  the  steam  chest,  as  stated  above,  other  means  must  be 
adopted  to  prevent  steam  from  entering  the  steam  chest.  This 
may  be  accomplished  by  removing  the  steam-chest  cover  and 
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fitting  blocka  of  wood  over  the  admieeion  ports  to  the  eteara 
cheet,  aa  shown  in  Fig.,  10. 

The  blocks  for  the  front  port  may  all  be  made  of  one  length. 
Oae  of  the  back  blocks,  however,  must  be  made  of  two  pieces, 
or  else  be  notched  out  ho  that  it  will  allow  for  the  valve  stem, 
and  thus  avoid  removing  the  stem. 

Referring  to  Fig.  10,  it  will'  be  observed  that  blocks  are  fitted 
over  the  steam-chest  admission  ports,  and  sufiicient  blocks  are 
used  to  enable  the  balance  plate  attached  to  the  steam-cheet 


cover  to  hold  the  blocking  in  place  when  the  cover  is  drawn 
down  tightly  on  the  blocks  by  the  steam-chest  bolts.  By 
drawing  the  cover  down  tight  enough,  steam-tight  joints  can 
be  made  at  the  ports  x  and  y,  and  steam  will  be  excluded  from 
the  steam  chest  This  method  of  blocking  can  also  be  used  in 
the  event  of  a  broken  valve  stem  or  valve. 


BROKEN    VAI.V-E-STEM    STUTTINGUOX    GLANB. 

22.  In  the  event  of  the  breaking  of  a  valve-stem  stuffing- 
box  gland,  the  packing,  and  probably  the  back  bushing  also, 
will  blow  out  with  the  broken  gland.  A  great  loss  of  steam 
will  thus  occur  through  the  large  opening  around  the  valve 
stem,  which  will  affect  the  working  of  the  engine  to  a  greater  or 
less  extent,  besides  being  very  wasteful.  To  prevent  this  waste 
of  steam  and  to  temporarily  repair  the  mishap  in  order  to  get  to 
destination,  the  back  Imshing  should  be  replaced  and  the  stuf- 
fingbox  repacked  with  fresh  packing;  then,  if  there  is  enough  of 
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the  gland  left  to  keep  the  packing  in  the  stuffingbox,  it  should 
be  set  against  the  packing  and  held  there.  This  may  be  done  by 
means  of  two  pieces  of  sheet  metal  cut  as  shown  in  Fig.  11  (a). 
One  piece  a  fits  over  the  valve  stem  and  stuffingbox  studs  from 
above,  and  the  other  piece  h  is  slipped  up  from  below.  The  two 
pieces  are  then  held  against  the  end  of  the  broken  gland  by 
means  of  the  stuffingbox  nuts,  as  shown  in  view  (6),  a  nut  being 


Fig.  11. 


placed  on  either  side  of  the  pieces  of  sheet  metal  and  the  nuts 
tightened  up  hard.  The  sheet-metal  pieces  can  be  cut  out  of  an 
old  scoop  shovel  or  out  of  any  other  piece  of  sheet  iron  that 
may  be  at  hand. 


BBOKEK    VAIiVE    SBAT. 

23.  In  the  event  of  the  valve  or  valve  seat  breaking,  it  often 
happens  that  the  piece  broken  off  causes  considerable  additional 
damage.  This  piece  may  become  wedged  in  one  of  the  steam 
ports  in  such  a  way  that  the  valve  will  strike  it  and  bend  or 
break  the  valve  stem,  valve  rod,  eccentric  rod,  or  rocker-arm,  or 
else  slip,  an  eccentric;  or,  the  piece  may  find  its  way  into  the 
cylinder  and  there  do  considerable  damage.  A  broken  valve  or 
valve  seat  will  be  indicated  by  the  irregular  action  of  the 
exhaust.  The  bridge  is  the  part  of  the  valve  seat  that  usually 
breaks;  so  to  test  for  a  broken  valve  bridge,  proceed  as  follows: 

Beginning  on,  say,  the  right  side  of  the  engine,  place  the 
right  main  pin  on  the  top  quarter,  move  the  reverse  lever  to  the 
forward  corner,  apply  the  driver  brakes  or  block  the  drivers,  and 
then  open  the  throttle  slightly.     With  the  parts  thus  arranged, 
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Fig.  12,  the  steam  port  to  the  back  end  of  the  cylinder  will  be 
open  to  the  steam  chest,  while  the  port  to  the  front  end  of  the 
cylinder  will  be  connected  by  the  valve  to  the  exhaust  cavity. 
Should  the  back  bridge  be  broken,  steam  will  be  discharged 
through  the  break  into  the  exhaust  passage,  and  a  violent  blow 
will  occur.  This  blow  will  cease  when  the  reverse  lever  is  moved 
to  the  back  comer,  however,  if  the  front  bridge  is  not  broken 
also,  for  then  steam  will  be  shut  out  of  the  back  steam  passage. 
If  no  blow  occurs  with  the  lever  in  the  front  comer,  move  it  to 
the  back  comer,  and  if  a  blow  then  occurs,  the  front  bridge  is 
probably  broken.  If  so,  the  blow  should  cease  when  the  reverse 
lever  is  moved  to  the  front  corner,  provided  the  back  bridge  is 
not  broken  also.  If  no  blow  occurs  with  the  reverse  lever  in 
this  position,  move  the  engine  so  that  the  left  main  pin  is  on  the 


Fig.  12. 

quarter,  and  test  the  left  side  in  the  same  manner  as  the  right 
side.  Having  located  the  trouble,  disconnect  the  valve  stem  and 
clamp  the  valve  on  the  center  of  its  seat  so  as  to  cover  both 
steam  passages  to  the  cylinder.  Then  take  down  the  main  rod, 
block  the  crosshead  securely  and  proceed  with  one  side. 

In  the  event  of  the  outer  wall  s.  Fig.  13,  of  one  of  the  steam 
passages  breaking,  it  will  be  impossible  to  keep  steam  out  of 
that  end  of  the  cylinder,  and,  consequently,  there  will  be  a 
constant  blow  from  the  corresponding  cylinder  cock,  regardless 
of  the  position  of  the  valve.  Also,  there  will  be  a  violent  blow 
everv  time  the  valve  is  moved  so  as  to  connect  the  exhaust 
cavity  with  the  steam  passage  whose  wall  is  broken. 

When  an  accident  of  this  nature  occiu^,  disconnect  the  valve 
rod,  move  the  valve   until  it  connects   the  uninjured  steam 
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passage  with  the  exhaust  passage,  as  shown  in  the  figure,  and 
then  clamp  it  in  that  position.  Disconnect  the  main  rod,  move 
the  piston  to  the  end  of  the  cylinder  opposite  the  broken  port, 
block  it  there  securely,  and  then  remove  the  cylinder  cock  from 
that  end  of  the  cylinder  to  prevent  pressure  accumulating 
behind  the  piston.  The  broken  port,  of  course,  will  allow 
its  end  of  the  cylinder  to  fill  with  steam,  but  no  harm  can 
result 

A  very  convenient  form  of  valve  clamp  is  illustrated  in  the 
figure.  The  clamp  is  shown  in  position  clamped  to  the  valve 
rod,  and,  also,  a  front  view  is  given. 


BBOKEUr   TAUSR   VAI^VS    SBAT. 

24.  If  a  false  valve  seat  is  badly  broken,  so  that  steam 
blows  through  into  the  exhaust  port,  it  will  be  necessary  to 
make  a  tight  joint  over  the  steam  and  exhaust  ports.  If  the 
pieces  cannot  be  fitted  together  steam  tight,  take  the  false  seat 
all  out.  In  many  cases  tbe  valve  can  be  dropped  down  and  so 
made  to  cover  the  ports,  otherwise  a  board  must  be  used,  in 
which  case  the  valve  will  have  to  be  taken  out,  and  it  may  be 
left  out.  Hold  the  board  down  by  a  block  of  wood  between  it 
and  the  steam-chest  cover.  The  steam  pressure  usually  does 
this,  the  block  simply  being  used  to  hold  the  board  in  position 
while  the  engine  is  running  shut  off.  Some  false  seats  are 
fastened  down  with  tap  bolts  going  into  the  top  of  the  cylinder, 
in  which  case  the  false  seat  cannot  be  taken  out,  but  must  be 
covered  so  that  steam  cannot  get  by  it.  With  a  balanced  valve, 
a  board  must  be  used,  otherwise  steam  will  blow  through  the 
exhaust  cavity  and  out  of  the  exhaust. 


25.  A  broken  valve  will  be  indicated  by  a  constant  blow 
at  the  exhaust,  the  amount  of  the  blow  depending  on  the  size 
of  the  break.  To  test  for  a  broken  valve,  proceed  as  follows: 
First  note  on  which  side  of  the  engine  steam  blows  from  both 
cylinder  cocks  when  the  reverse  lever  is  moved  back  and  forth 
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with  the  throttle  slightly  open.  If  you  donot  locate  thflvalveftt 
once,  then  begin  on  the  right  side  of  the  engine,  place  the  v&lvfl 
on  that  side  in  mid-poeition,  so  that  it  will  cover  both  8t«am 
portsj  then  open  the  cylinder  cocka  and  open  the  throttle  a 
small  amount.  If  no  blow  occurs  when  the  throttle  is  open,  the 
valve  on  that  side  is  all  right;  however,  if  a  blow  does  occur 
when  the  throttle  is  open  and  at  the  same  time  steam  escapee 
from  one  of  the  cylinder  cocks,  the  indications  are  that  the 
valve  is  hroken,  for  the  reason  that  a  broken  valve  will  allow 
steam  to  escape  to  the  exhaust  and  to  one  of  the  steam  ports, 
as  indicated  in  Fig.  li     To  test  still  further  for  the  broken 


valvi,  move  the  valve  far  enough  toward  the  end  of  the  cylinder 
that  shows  no  steam  at  the  cylinder  cock  to  connect  the  steam 
port  to  that  end  of  the  cylinder  with  the  exhaust,  and  if  steam 
then  appears  at  both  cylinder  cocks  at  the  same  time,  and 
there  also  is  a  blow  at  the  exhaust,  it  will  be  an  additional 
indication  of  a  broken  valve.  In  this  case  the  steam  passes 
into  the  exhaust  cavity,  and  thence  finds  its  way  through  the 
steam  passages  into  the  other  end  of  the  cylinder. 


BSOKKlf   nrBAH    CHBSTi 

26.  In  the  event  of  the  steam'cheBt  walls  cracking  In  snch  a 
way  as  to  necesBitate  repairs,  it  will  be  found  that  the  break  can 
often  be  forced  tt^ether  so  as  to  make  a  nearly  steam-tight 
joint  by  simply  driving  suitable  wedges  between  the  ateam- 
chest  studs  and  the  walls  of  tlie  chest,  at  the  comers  opposite 
the  break,  as  shown  in  Fig.  15.     Of  course,  in  order  to  do  this, 


sa 
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the  Bteam-chest  casing  and  lagging  muet  be  removed,  and 
the  nuts  on  the  etude  must  be 
slacked  ofif.  Iron  wedges  are  the 
best  to  use,  although  good  hard- 
wood wedges  will  prove  very 
effective.  Iron  wedges  may  be 
hammered  out  of  big  spikes, 
bolts,  etc.  that  may  be  at  hand. 
After  the  crack  has  been  wedged 
together,  tighten  the  nuts  on 
the  steam-chest  studs,  put  the 
casing  and  lagging  on  the  tender, 
and  connect  up  the  oil  pipe 
and  proceed. 

If  the  break  is  so  bad  that 
it  cannot  be  wedged  t<^ther, 
disconnect  the  valve  rod,  remove 
i  the  steam-chest  cover,  and  block 
steam  out  of  the  steam  chest  by 
fitting  blocks  over  the  steam- 
cheet  admission  ports,  as  already, 
explained.  Then  replace  the 
'^"■^^  steam-chest  cover   and   proceed. 

This  is  a  case  wlien  the  engine  can  be  run  with  the  main  rod 

up,  if  the  rules  of  the  road   permit. 
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If  the  steam  chest  is  entirely  demolished,  but  some  of  the 
studs  are  left,  try  to  block  the  steam  ports  as  shown  in  Fig.  16, 
using  fish  plates  or  anything  else  at  hand  that  will  serve  the 
purpose. 

In  case  so  many  studs  are  broken  that  the  steam-inlet  ports 
cannot  be  blocked  as  shown  in  Fig.  16,  it  will  be  necessary  to 
make  a  blind  joint  in  the  steam  pipe  inside  the  smoke  arch. 
As  this  is  an  operation  requiring  considerable  time,  it  may  be 
better  to  have  the  engine  towed  to  a  shop  where  the  steam  chest 
can  be  repaired.  Should  this  be  impracticable,  loosen  the 
steam-pipe  joint,  put  in  a  thin  piece  of  sheet  iron — part  of  an 
old  scoop  shovel  will  do — that  will  keep  the  steam  out  of  the 
broken  steam  chest 

BROKEN  PISTON  STUTTIKGBOX  STUI)  A3a>   UUQ  OF  GLAND. 

27.  In  the  event  of  a  stud  or  a  lug  of  the  gland  breaking 
on  an  old  style  stuflSngbox,  partly  refill  the  stufl&ngbox  so 
that  the  gland  will  enter  far  enough  to  hold  it  square  and 
prevent  its  tipping  suflBciently  to  pinch  the  valve  stem  when 
held  in  place  by  the  remaining  stud  and  lug.  If  both  lugs  or 
studs  are  gone,  wrap  the  outside  of  the  gland  with  cloth  and 
then  drive  the  gland  in  place.  A  piece  of  scantling  can  be 
used,  reaching  from  the  running-board  bracket  against  the 
gland.  This  may  hold  the  gland  in  position.  If  it  will  not, 
or  if  the  gland  is  broken  so  that  it  cannot  be  used  at  all, 
then  proceed  with  the  train  as  it  is.  Do  not  disconnect  for  a 
failure  of  piston-rod  packing.  It  will  cause  a  waste  of  steam,  to 
be  sure,  but  the  train  can  be  brought  in  all  right  without 
wasting  time  disconnecting. 


BBNT    PISTON    ROD. 

28.  In  the  case  of  a  bent  piston  rod,  disconnect  the 
valve  rod  and  clamp  the  valve  at  mid-travel,  take  down 
the  main  rod  and  block  the  crosshead  securely,  remove  the 
cylinder  cock  behind  the  piston,  and  then  proceed  with  one 
side  of  the  engine. 

Another    method,    if    the    crosshead,   guides,   etc.    are    not 
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damaged  and  the  piston  rod  can  be  easily  disconnected  from  the 
crosshead,  is  to  take  oflf  the  front  cylinder  head,  remove  the 
piston  and  piston  rod,  disconnect  the  valve  rod,  and  clamp 
the  valve  in  mid-position,  allowing  the  crosshead  to  carry  the 
front  end  of  the  main  rod.  In  this  event,  the  guides  must  be 
kept  well  lubricated.  

BBOKEN    PISTOir    BOD. 

29.  When  a  piston  rod  breaks,  it  almost  invariably  causes 
the  front  cylinder  head  to  be  knocked  out;  it  generally  breaks 
close  to  the  piston,  and,  in  this  event,  if  the  crosshead  is  not 
duniaged  or  the  piston  rod  bent,  all  that  it  is  necessary  to  do  is 
to  disconnect  the  valve  rod  and  clamp  the  valve  in  mid-position, 
so  as  to  cover  both  steam  ports  to  the  cylinder.  The  main  rod 
can  be  left  up,  because  the  crosshead  will  carry  its  front  end, 
and  the  stuflBngbox  will  carry  the  front  end  of  the  piston  rod, 
but  the  rod  swab  should  be  kept  oiled.  If  the  rod  breaks 
at  the  crosshead,  but  does  not  injure  the  crosshead,  discon- 
nect the  valve  rod  and  clamp  the  valve  in  mid-travel  so  as  to 
cover  the  steam  ports.  In  this  case,  also,  the  main  rod  can  be 
left  up.  In  the  event  of  the  crosshead  being  so  damaged  as  to 
be  unserviceable,  it  will  then  be  necessary  to  disconnect  the  main 
rod  and  to  block  or  secure  the  crosshead,  to  keep  it  stationary 


BBOKBN  CTUNDEB  HEAD. 

30,  If  the  front  cylinder  head  should  be  broken,  disconnect 
the  valve  rod  and  clamp  the  valve  centrally  on  its  seat,  so  as  to 
cover  the  steam  ports,  take  down  the  main  rod,  block  the  cross- 
head  securely,  and  remove  the  cylinder  cock.  Proceed  by 
using  the  other  side  of  the  engine.  The  method  of  blocking 
just  described  can  be  used  to  advantage  on  the  ordinary  engines 
now  in  service,  but  if  the  front  cylinder  head  of  one  of  the 
very  large  engines  in  service  on  mountain  grades  on  many 
railroads  should  be  knocked  out,  and  no  other  damage  done,  it 
would  be  policy  to  proceed  as  follows:  Disconnect  the  valve  rod 
and  clamp  the  valve  centrally  on  its  seat;  remove  all  the  broken 
parts;  remove  the  relief  valve  and  cylinder  cock  from  that 
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cylinder;  and  allow  the  main  rod  to  remain  up  and  the  piston  to 
travel  back  and  forth  in  the  cylinder.  The  main  rods  on  such 
engines,  it  must  be  remembered,  are  very  heavy  to  handle  with 
the  help  that  can  be  had,  so  that  the  best  way  is  not  to  attempt 
to  take  them  down,  if  it  can  be  avoided.  When  the  piston  is 
allowed  to  travel  in  the  cylinder,  as  described,  it  should  be  well 
lubricated  to  prevent  the  packing  rings  or  the  piston  cutting  the 
walls  of  the  cylinder. 

If  time  is  of  much  importance  and  it  is  desired  to  clear  the 
main  line,  all  that  it  is  necessary  to  do  is  to  simply  clear  away 
the  broken  parts,  without  disconnecting  anything  (the  other 
parts  being  uninjured),  and  proceed.  The  steam  that  is 
admitted  to  the  front  end  of  the  cylinder  will  be  wasted,  of 
course,  but  the  main  line  can  be  quickly  cleared,  which  is  a 
very  important  matter.  In  the  event  of  the  back  cylinder  head 
breaking,  the  rods  on  that  side  must  be  taken  down,  the  cross- 
head  blocked,  and  the  valve  clamped  centrally  on  its  seat. 


BBOKBK    STBAM    CHKST    AND    CYLINDER. 

31.  When  a  bad  accident  occurs  to  the  steam  chest  and 
cylinder,  the  valve  rod  and  the  main  rod  on  the  disabled 
side  should  be  removed  and  the  crosshead  blocked.  Then 
loosen  the  steam-pipe  joint  on  the  disabled  side  and  put  a  piece 
of  sheet  metal  between  the  flat  surfaces  of  the  joint  and  the 
steam  pipe,  thus  closing  the  opening  in  the  steam  pipe  and 
preventing  the  steam  from  being  wasted  through  the  defective 
steam  chest. 

BROKEN    MAIN    CRANKPIN. 

32.  Whenever  the  main  crankpin  breaks,  remove  all  side 
rods  and  the  main  rod  on  the  disabled  side.  On  some  types  of 
large  consolidation  engines,  however,  having  very  heavy  main 
rods,  the  front  end  of  the  main  rod  may  be  left  up,  if  the  guide 
yoke  is  so  constructed  that  the  rod  runs  through  it.  In  that 
event,  only  the  back  end  should  be  disconnected,  the  crosshead 
being  pushed  all  the  way  ahead  and  securely  blocked  there, 
allowing  the  back  end  of  the  main  rod  to  ride  on  the  guide 
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yoke,  aa  shown  in  Fig.  17.  In  both  of 
the  above  cases,  however,  disconnect  the 
valve  rod,  cover  the  porta,  and  clamp  the 
valve  stem  to  hold  the  valve  in  that 
position.  


m 


UROKBN    BACK-END    MATN-ROI)   STRAP. 

33.  When  the  strap  at  the  back  end 
of  the  main  rod  breaks,  the  piston  usually 
gt>es  through  the  front  cylinder  head, 
and  very  often  the  piston-rod  packing 
gland  is  broken  by  being  struck  by  the 
croBshead.  Sometimes  the  croaahead 
strikes  the  front  guide  blocks  hard  enough 
to  seriously  damage  the  guides  and  the 
back  cylinder  head,  or,  the  piston-rod 
key  may  be  sheared  off  by  the  shock,  in 
which  event  the  piston  is  sure  to  go 
through  the  cylinder  head.  The  cross- 
head  is  also  liable  to  be  broken,  but  will 
usually  stand  a  harder  knock  than  the 
parts  already  referred  to.  In  disconnect- 
ing, take  down  the  valve  rod,  place  the 
valve  centrally  on  its  seat,  and  clamp 
the  valve  stem;  then  disconnect  the  main 
rod  and  block  the  croesbead. 


BBOKEN  FRONT-END  MAIN-ROD  STRAP. 

34.  When  the  front-end  main-rod 
strap  breaks,  the  effect  is  about  the  same 
as  when  a  back-end  strap  breaks.  In 
disconnecting,  it  is  always  necessary  to 
take  down  the  main  rod  on  the  disabled 
side,  disconnect  the  valve  stem,  and, 
covering  the  steam  ports  with  the  valve, 
clamp  it  there;  then  block  the  croao- 
head  securely. 
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BROKEN    GUIBB. 

36.  When  a  guide  breaks,  it  usually  means  that  whichever 
side  of  the  engine  the  broken  guide  is  on  will  have  to  be  dis- 
connected. Engines  having  four- bar  guides  can  be  run  ahead 
with  one  of  the  bottom  guides  broken  or  gone,  but  it  is  not  safe 
to  back  up  with  the  guide  in  this  condition.  When  an  engine 
is  working  steam  ahead,  the  crosshead  is  always  held  up 
against  the  top  guides;  but  when  it  is  worked  backwards,  the 
crosshead  bears  on  the  bottom  guides.  If  the  engine  having  a 
bottom  guide  broken  is  run  backwards,  there  is  great  danger  of 
bending  the  piston  rod. 

To  disconnect  for  a  broken  guide,  disconnect  the  valve  rod, 
place  the  valve  in  a  position  to  cover  the  ports  and  fasten  it 
there,  take  down  the  main  rod  and  block  the  crosshead.  Remove 
or  block  open  the  cylinder  cock  back  of  the  piston,  as  in 
other  cases. 

BROKEN    CROSSHISAB. 

36.  In  the  event  of  a  broken  crosshead,  the  main  rod  should 
be  removed,  and  if  the  crosshead  is  not  totally  destroyed,  and 
there  is  enough  left  to  block,  the  remaining  part  should  be  pushed 
to  the  back  end  of  the  guides  and  securely  blocked  there.  Then 
disconnect  the  valve  rod,  cover  the  ports  with  the  valve,  and 
clamp  the  valve  stem  to  hold  the  valve  in  position.  If  the 
crosshead  is  broken  so  that  it  cannot  be  blocked  to  prevent 
the  piston  moving,  the  piston  should  be  moved  to  the  back  end 
of  the  cylinder  and  the  valve  should  be  clamped  on  its  seat  in 
such  a  position  as  to  admit  steam  into  the  head  end  of  the 
cylinder  to  keep  the  piston  from  moving.  Take  out  the  back 
cylinder  cock  so  aa  to  prevent  any  steam  pressure  accumulating 
between  the  piston  and  back  cylinder  head. 


BROKEN    REVERSE    T.EVER. 

37.  If  the  reverse  lever  should  break,  the  engineer  loses 
all  control  of  the  reversing  apparatus,  and  the  train  must  be 
handled  entirely  by  means  of  the  throttle  and  the  brake. 
When  this  accident  occurs,  the  weight  of  the  links  and  eccen- 
tric rods  causes  the  links  to  drop  into  the  forward  motion, 
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so  that  if  it  is  desired  to  run  backwards,  the  links  must  be 
raised  to  the  proper  position.  If  the  reversing  arm  of  the 
tumbling  shaft  extends  through  the  running  board,  as  in  many 
makes  of  engines,  it  can  be  blocked  in  the  proper  position 
by  fitting  a  small  block  in  the  slot  of  the  running  board  on  each 
side  of  the  tumbling-shaft  lever,  to  hold  it  in  position.  If  the 
lever  does  not  extend  through  the  running  board,  the  reach  rod 
should  be  disconnected,  if  necessary,  and  a  block  fitted  into 
the  link  slot  of  the  proper  length  to  hold  up  tlie  link  the 
desired  height. 

If  it  is  desired  to  run  the  engine  forwards,  the  links  should 
be  raised  to  the  proper  height  for  handling  the  train  to  the  best 
advantage,  and  a  block  fitted  into  the  slot  of  one  of  the  links 
above  the  link  block.  Do  not  block  both  links;  block  only  one, 
and  the  best  results  will  be  obtained.  This  method  of  blocking 
may  be  used  in  case  the  reverse-lever,  reach  rod  or  its  Uft-shaft 
arm  is  broken. 

Another  way  of  holding  up  the  link  is  to  put  a  bar  across  the 
top  of  the  frames  under  the  tumbling-shaft  arms,  then  secure 
the  bar  to  the  frames,  and  the  tumbling-shaft  arms  to  the  bar 
with  bell  cord  or  a  chain.  This  method  can  be  used  to 
advantage  on  some  makes  of  engines  and  will  save  tima 


THBOTTLB    DISC019~N1BCTED    ANI>    OFIEN'. 

38.  Whenever  an  accident  occurs  to  the  throttle  or  its 
attachments  that  prevents  it  from  closing,  it  produces  a  very 
dangerous  state  of  affairs  and  one  that  requires  prompt  action 
on  the  part  of  the  engineer  and  fireman.  The  steam  pressure 
in  the  boiler  must  be  reduced  as  soon  as  possible,  so  that  the 
engine  can  be  handled  by  means  of  the  reverse  lever  and 
the  brake.  Thie  reverse  lever  should  be  moved  to  the  center 
of  the  quadrant  and  the  brakes  applied  to  stop  the  train,  or 
at  least  to  get  it  under  perfect  control;  then  the  injector  should 
be  put  on,  and  the  safety  valves,  steam-heat  valve,  or  any  other 
valves  on  the  engine  that  will  assist  in  reducing  the  steam 
pressure  in  the  boiler,  stould  be  opened.  The  fireman  should 
close  the  ash-pan  dampers,  open  the  fire-door,  and,  if  neoessaiy. 
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knock  a  hole  in  the  fire  to  assist  in  reducing  the  boiler  pressure 
to  a  point  that  will  permit  of  the  reverse  lever  being  handled  by 
the  engineer — say,  100  pounds,  or  even  less.  Notify  the  train 
crew  of  the  condition  of  the  engine  so  they  may  render 
assistance  in  handling  the  train  if  necessary.  The  lubricator 
should  be  adjusted  to  feed  the  valves  liberally  so  as  to 
make  them  handle  easily,  and  the  engine  and  train  should 
be  taken,  by  means  of  the  reverse  lever  and  the  brake,  to  the 
nearest  point  where  the  engine  can  be  exchanged  for  another 
one,  or  where  it  can  be  prepared  to  be  towed  in.  Make 
all  stops  by  placing  the  reverse  lever  in  the  center  notch 
and  then  applying  the  brake. 


THBOTTIZK    DISCOITNIECTED   AND    CliOSED. 

39.  In  the  event  of  any  part  of  the  throttle  valve  gear 
breaking  or  giving  out,  the  pressure  of  the  steam  on  the  upper 
face  of  the  valve  will  usually  close  the  valve,  and  it  cannot  be 
opened  again  until  the  dome  cap  has  been  removed  and  the 
trouble  repaired.  A  disconnected  throttle  may  be  caused  by 
any  of  the  bolts  or  pins  of  the  bell-crank  breaking  or 
working  out;  by  the  breaking  of  the  lug  on  the  throttle  stand 
pipe  to  which  the  bell-crank  is  pivoted;  or  to  the  throttle  rod, 
throttle  stem,  or  throttle  link,  breaking. 

Whether  the  dome  cap  should  be  removed  and  the  throttle 
connected  up  will  depend  on  conditions.  If  the  road  is  a  busy 
one  and  traffic  will  be  seriously  delayed,  probably  the  best  plan 
will  be  to  protect  the  train,  send  for  help,  and  disconnect,  so  as 
to  be  ready  to  be  towed  in.  It  should  be  remembered  that 
towing  an  engine  with  the  throttle  disconnected  and  closed  and 
steam  up  and  lubricator  in  working  order,  is  similar  to  drifting 
down  a  long  hill;  therefore,  unless  the  rules  of  the  road  demand 
that  an  engine  in  this  condition  be  disconnected,  it  is  not 
necessary.  If  conditions  will  permit,  however,  of  the  other 
course  being  pursued,  proceed  as  follows:  Knock  out  the  fire, 
or  bank  it  deeply  with  fresh  wet  coal,  relieve  the  boiler  of  all 
pressure^  remove  the  dome  cap,  and  connect  the  disconnected 
parts  if  it  can  be  done.     Then  replace  the  dome  cap  and  fire 
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up  again.  If  repairs  cannot  be  made,  remove  the  valve 
entirely  and  try  to  get  in,  as  in  the  case  of  a  throttle  dis- 
connected and  open.  Before  relieving  the  boiler  of  pressure, 
care  should  be  taken  that  there  is  sufficient  water  in  the  boiler 
with  which  to  fire  up  again  when  repsdrs  are  made,  and  it  is  well 
to  fill  the  boiler  well  up  before  attempting  to  relieve  the  pressure. 


HOIiE    KNOCKED    IN    BOrLKR. 

40.  It  is  very  seldom  that  a  hole  is  knocked  in  a  boiler. 
Sometimes,  however,  when  an  eccentric  rod  or  strap  breaks  on 
engines  that  have  the  main  driving  axle  close  to  the  firebox,  the 
broken  parts  get  between  the  eccentric  and  the  boiler  and 
punch  a  hole  through  the  sheet.  When,  from  any  cause,  a  hole 
is  knocked  into  a  boiler,  the  engine  not  only  becomes  useless 
at  once,  but  it  is  also  in  great  danger  of  more  serious  damage, 
and  prompt  measures  must  be  adopted  to  protect  it.  A  large 
hole  in  the  outer  shell  will  soon  let  the  water  out  of  the  boiler, 
and  great  care  must  be  taken  to  protect  the  firebox  sheets  so 
that  they  will  not  become  overheated.  If  the  grates  are  such 
that  the  fire  can  be  dumped,  do  so  without  loss  of  time;  but 
if  the  fire  cannot  be  dumped,  smother  it  with  fresh  wet  coal  as 
quickly  as  possible,  afterwards  killing  it  with  water,  first  closing 
the  ash-pan  dampers. 

41.  Extra  Precautions  for  Cold  Weather. — In  cold 
weather  the  tank,  the  lubricators,  and  all  pipes  must  be 
drained  so  as  to  prevent  damage  from  frost  If  the  engine  has 
only  a  short  distance  to  be  towed  in,  it  will  not  be  necessary  to 
disconnect,  provided  the  cylinders  and  steam  passages  are 
drained,  and  the  cylinders  and  valves  can  be  kept  oiled. 
This  can  easily  be  accomplished  by  putting  oil  in  at  the  relief- 
valve  openings  occasionally  while  the  engine  is  moving.  A 
little  graphite  introduced  through  the  release  valve  openings 
every  few  miles  will  assist  very  materially  in  lubricating  the 
cylinders  and  valves.  It  is  a  good  plan  to  take  out  the  relief 
valves,  as  the  air  is  thus  given  a  better  chance  to  flow  into  the 
steam  chests,  thereby  greatly  reducing  the  vacuum  that  is 
formed.     On  large  compound  engines  of  the  Richmond  type, 
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which  have  overpass  valves  on  the  low-pressure  side,  remove 
the  caps  from  the  ends  of  the  overpass  valve  chamber  and  take 
out  the  valves;  then  the  air  can  flow  freely  in  and  out  of  the 
cylinder  through  this  channel.  If  this  is  not  done,  the  cylinder 
may  be  heated  considerably  by  the  air  being  churned  back  and 
forth  from  one  end  of  the  cylinder  to  the  other. 


POP-VAI4VB    OB    TVHISTLE    BLOWN    OUT    OB    BBOKHN    OFF 

CIX>S£    TO    DOME. 

42.  Should  the  pop- valve  or  whistle  be  blown  out,  or 
broken  oS  close  to  the  dome,  immediately  start  the  injectors 
and  keep  them  working  as  long  as  possible;  close  the  ash-pan 
dampers,  and  watch  the  water  glass  closely;  if  there  is  danger 
of  the  water  getting  too  low,  bank  the  fire,  or  dump  it,  so  as  to 
protect  the  crown  sheet.  When  the  boiler  has  been  relieved  of 
all  pressure,  plug  the  opening  made  by  the  blown-out  valve  or 
whistle  so  as  to  make  it  steam-tight.  To  do  this,  take  a  piece 
of  dry  wood  (the  drier  the  better)  and  make  a  plug  about  a 
foot  long  and  slightly  larger  than  the  opening  into  which  it  is 
to  fit  Taper  the  plug  slightly  for  about  6  or  7  inches,  and  then 
drive  it  into  the  opening,  so  that  only  about  1  inch  projects 
beyond  the  outside  of  the  dome  cap.  Then  drive  several  nails 
into  the  plug.  The  nails  will  spread  the  wood  and  force  it  into 
the  threads  of  the  dome  cap  and  also  will  cause  the  wood  to 
form  a  sort  of  shoulder  inside  the  cap  that  will  resist  the  plug's 
removal.  Besides  which,  the  moisture  inside  the  boiler  will 
cause  the  wood  to  swell  and  thus  make  its  removal  still  more 
difficult.  A  better  way  is  to  split  this  plug  in  four  pieces,  tie  a 
string  to  each  piece,  and  let  them  separately  through  the  hole; 
when  drawn  up  into  the  hole  and  placed  together  as  before 
being  split,  the  larger  end  of  the  plug  will  be  inside  the  dome, 
and  the  plug  cannot  blow  out.  After  plugging  the  opening, 
ascertain  whether  there  is  sufficient  water  in  the  boiler  to 
protect  the  parts,  and  if  so,  fire  up  and  proceed. 

Another  way  to  handle  an  accident  of  this  nature  is  to  drive 
a  wooden  plug  into  the  hole  and  secure  it  there  by  means  of  a 
lever  laid  across  the  plug  and  tied  down,  at  both  ends,  to  the 
band  rails  or  some  other  parts  of  the  engine. 
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BIX)W-OFr  COCK  BIX)WN  OUT  OR  BROKEN. 

43.  Whenever  the  blow-oflf  cock  is  blown  out  or  broken, 
there  is  not  much  time  in  which  to  think  of  what  should  be 
done.  One  should  know  beforehand  what  to  do,  and  then  do 
it  quickly  when  the  time  for  action  arrives.  The  injectors  must 
be  started  immediately,  and  the  fire  knocked  out  as  quickly  as 
possible,  if  the  engine  is  fitted  with  dumping  grates;  if  not, 
close  the  ash-pan  dampers  and  bank  the  fire  with  fresh  wet  coal. 
This  must  be  done  to  protect  the  firebox  sheets,  as  the  boiler 
will  quickly  be  emptied  of  water.  The  proper  authorities 
should  then  be  notified,  and  the  engine  made  ready  to  be 
towed  in. 

If  it  is  desired  to  fix  up  the  engine  so  as  to  bring  her  in  under 
her  own  steam,  and  the  blow-oflf  cock  is  broken  off  in  such  a 
way  that  it  cannot  be  used  again,  the  hole  can  be  stopped  with 
a  wooden  plug  as  follows:  Cut  a  wooden  plug  that  will  snugly 
fit  the  hole;  then  split  the  end  of  the  plug  that  is  to  enter  the 
hole,  make  a  wedge  the  width  of  the  diameter  of  the  hole  and 
long  enough  to  rest  against  the  inside  sheet,  then  place  the  end 
of  the  wedge  into  the  split  end  of  the  plug  and  put  the  wedge 
against  the  inside  sheet,  so  that  when  the  plug  is  driven  in,  the 
wedge  will  spread  the  inside  end  of  the  plug  in  such  a  way  as 
to  cause  it  to  resist  being  forced  out  of  the  hole.  In  many 
cases  a  washout. plug  will  fit  this  opening,  and  if  a  spare  one  is 
on  the  engine,  it  should  be  used.  The  boiler  may  then  be 
filled  and  fired  up  and  run  to  the  shop  under  low  pressure. 


BROKEN  OR  BURXEJ3-OFF  GRATE  BARS. 

44.  To  avoid  delaying  the  train  when  the  grate  bars  are 
broken  or  burned  oflF,  close  the  hole  by  building  up  from  the 
bottom  of  ash-pan  with  old  fish-plates,  coupling  links,  or  flat 
stones.  In  the  event  of  a  deep  hopper-shaped  ash-pan  being 
used,  pull  the  fire  back  from  the  burned  section  of  the  bars  and 
close  the  hole  by  throwing  some  fish-plates  in  the  firebox  and 
working  them  crosswise  over  the  hole  with  the  fire-tools;  then 
cover  this  over  with  fire  and  proceed.  If  the  fire  has  to  be 
cleaned  again  before  the  terminal  is  reached,  care  must  be  taken 
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not  to  disturb  the  plates  over  the  hole.  If  the  engine  is  an 
anthracite-coal  burner,  the  hole  can  be  stopped  by  throwing 
large  lumps  of  "boney  "  coal  over  the  hole  and  covering  them 
with  live  fire.  By  means  of  this  scheme,  the  hole  can  very 
often  be  stopped  effectuaUy  from  one  fire  cleaning  to  another. 
On  arriving  at  the  terminal,  however,  the  grate  should  be 
reported  so  that  repairs  can  be  made. 


45.  Whether  an  engine  will  have  to  be  disconnected  or 
not,  in  case  its  frame  should  be  broken,  will  depend  on  the  loca- 
tion of  the  fracture.  If  only  the  pedestal  jaw  of  the  frame 
breaks,  it  is  hardly  ever  necessary  to  do  anything,  and  the  train 
may  be  taken  to  its  destination  without  disconnecting.  A  break 
of  this  kind  is  often  repaired  in  the  shop  by  merely  fitting  and 
bolting  a  heavy  iron  plate  over  the  fracture.  If  the  frame 
breaks  between  the  main  driving  box  and  the  cylinder,  or  if  the 
top  rail  breaks  at  any  point,  that  side  of  the  engine  must  be 
disconnected,  and  the  engine  should  be  run  in  light  under  her 
own  steam.  It  is  a  mistake  to  try  to  handle  part  of  the  train 
under  such  conditions,  for  the  reason  that  every  time  steam  is 
admitted  into  the  back  end  of  the  cylinder  on  the  opposite 
side,  it  causes  the  break  to  open  up.  The  frame  on  the 
unbroken  side  is,  therefore,  subjected  to  a  springing  strain  that 
may  lead  to  the  breaking  of  that  frame  also.  When  the 
pedestal  brace  or  bolt  on  the  the  main  box  is  broken,  remove 
the  corresponding  part  from  the  back  jaw  and  replace  the 
broken  one  with  it.  This  takes  a  good  part  from  a  jaw  where 
the  strain  is  less,  and  makes  the  main  pedestal  solid  again. 
In  the  case  of  a  bottom  rail  breaking,  it  is  not  necessary  to  give 
up  the  train  or  disconnect  the  engine.  If  the  key  that  holds 
the  cylinders  fast  in  the  frame  works  out,  it  should  be  replaced 
at  once;  if  this  cannot  be  done,  disconnect  as  for  a  broken 
frame.  Another  thing  to  keep  in  mind,  if  the  engine  is  to  be 
towed,  is  that  when  an  engine  is  in  a  train  and  is  being  towed, 
the  frames  have  to  stand  the  strain  of  pulling  whatever  is  back 
of  the  engine;  if  the  frame  is  broken,  this  strain  may  result  in 


92  BREAKDOWNS.  §9 

serious  damage  being  done.  An  engine  with  a  broken  frame 
should  not  be  towed  in  a  long  train  if  it  can  be  avoided, 
because  if  the  broken  engine  is  placed  near  the  head  end  of  the 
train,  there  is  too  much  weight  behind  it;  if  placed  near  the 
rear  end,  the  t^hocks  caused  in  starting  the  train  are  liable  to 
cause  further  damage.  

IfROKKX    TVKDGE    BOLT. 

46*  If  a  wedge  bolt  happens  to  break  below  the  nut  that 
is  al)ove  the  pedestal  brace,  the  bottom  end  of  the  bolt^  in  most 
cases,  will  drop  out  and  be  lost,  and  the  wedge  will  soon  work 
down  and  allow  the  box  to  pound  in  the  jaws.  About  the  only 
thing  to  do  under  such  conditions  is  to  pry  up  the  wedge  to  its 
proper  place  and  tighten  the  nut  on  the  l)olt  that  goes  through 
the  jaw.  Then  screw  the  wedge-bolt  nut  down  on  the  binder 
and  drive  a  hardwood  wedge  between  the  nut  and  the  pedestal 
in  such  a  manner  that  it  will  keep  the  nut  from  turning.  This 
will  usually  keep  up  the  wedge,  and  engines  have  been  run  for 
weeks  with  wedges  held  in  this  way. 

Should  the  wedge  bolt  break  between  the  upper  nut  and  the 
lower  end  of  the  wedge,  splice  the  bolt  by  screwing  the  upper 
nut  until  one-half  of  it  is  on  either  side  of  the  break;  then  put 
a  washer  one-half  the  thickness  of  the  nut  between  the  nut  and 
the  pedestal  brace  to  hold  the  wedge  in  its  usual  position. 
When  the  wedge  bolt  is  broken  in  such  a  way  that  no  use  can 
be  made  of  it,  a  nut  can  often  be  found  that  will  fill  the  space 
nicely  between  the  wedge  and  binder,  and  that  can  be  kept  in 
place  by  means  of  a  piece  of  wire  fastened  to  the  pedestaL  If 
the  wedge  bolt  breaks  and  the  wedge  sticks  up,  it  can  usually 
be  brought  down  by  running  the  wheel  that  is  just  forward  or 
back  of  it  over  something  (a  large  nut,  for  instance)  that  will 
raise  it  ofiF  the  rail  a  short  distance. 


BBOK^N  I>RIVIN<^   BOX  OR  BRASS. 

47.  An  engine  may  sometimes  be  run  for  a  considerable 
distance  with  one  or  more  of  the  driving  boxes  broken,  and  no 
bad  results  follow,  although  it  is  poor  policy  to  run  one  under 
such  conditions  unless  in  emergencies  or  in  a  case  of  neoesaity. 
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Driving  boxes  usually  break  near  the  lower  edge  of  the  brass  or 
between  the  brass  and  the  cellar,  and  in  case  only  one  side 
breaks,  the  cellar  and  cellar  bolts  will  hold  the  detached  part  of 
the  box  in  nearly  its  proper  position.  This  will  cause  the  box 
to  pound,  and,  if  it  is  allowed  to  run  in  this  condition  any 
length  of  time,  the  other  side  of  the  box  is  liable  to  break  in 
the  same  way.  As  long  as  the  unbroken  part  of  the  box  extends 
down  as  low  as,  or  a  little  lower  than,  the  bottom  edges  of  the 
brass,  there  is  very  little  danger  of  any  harm  being  done,  and 
it  is  safe  to  handle  a  full  train. 

If  the  brass  itself  breaks,  the  engine  may  be  run  to  the  end 
of  the  trip  without  much  injury,  provided  the  broken  parts 
remain  in  position;  but  in  nine  cases  out  of  ten  the  journal  will 
run  hot  and  the  weight  will  have  to  be  taken  ofiF  the  box.  This 
can  be  done,  where  overhung  springs  are  used,  by  running  the 
wheel  on  a  wedge  and  fitting  a  block  of  wood  between  the  under 
side  of  the  spring  saddle  and  the  frame.  When  the  wheel  is 
run  off  the  wedge,  the  block  will  keep  the  spring  saddle  from 
resting  on  the  box.  Where  an  underhung-spring  gear  is  used, 
run  the  wheel  having  the  broken  box  up  on  a  wedge,  chain  up 
the  ends  of  the  springs,  or  equalizers,  nearest  the  box,  or  block 
down  the  far  ends  of  the  equalizers,  and  when  the  wheel  is  run 
down  off  the  wedge,  the  weight  of  the  engine  will  be  carried  by 
the  other  boxes. 

If  a  main  driving  box  should  break  on  a  ten-wheeler,  and  let 
the  brass  drop  into  the  cellar,  the  best  thing  to  do  will  be  to 
take  both  the  weight  of  the  engine  and  the  weight  of  the  box 
off  this  journal.  If  this  accident  occurs  some  distance  from  the 
terminal,  about  the  best  thing  to  do  is  to  swing  or  carry  that 
wheel.  To  do  this,  run  the  wheel  up  on  a  thick  wedge  and 
block  between  the  top  of  the  frame  and  the  spring  saddle,  or 
chain  up  the  ends  of  the  equalizers,  as  the  case  may  be,  so  that 
when  the  wheel  is  run  off  the  wedge,  all  the  weight  will  be 
taken  off  the  box.  Before  running  the  wheel  off  the  wedge, 
however,  take  out  the  oil  cellar  and  brass  and  fit  a  block  of 
wood  between  the  pedestal  binder  and  the  bottom  of  the  dri- 
ving box,  and  another  in  place  of  the  oil  cellar  to  carry  the  box 
and  wheel.    Then  run  the  wheel  off  the  wedge  and  let  the  journal 
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rest  on  the  block  of  wood.  Put  some  waste  on  the  block 
around  the  journal  and  oil  it  well,  so  as  to  keep  the  journal 
lubricated.  The  object  in  carrying  the  wheel  oflf  the  rail  is 
to  have  all  the  weight  of  the  axle,  wheel,  and  rods  carried  on 
the  block  by  the  pedestal  brace.  Eighlrwheelers,  moguls,  or 
consolidation  engines  may  be  treated  in  the  same  manner, 
always  remembering  that  the  spring  and  equalizing  gear 
must  be  blocked  in  such  a  way  as  to  keep  the  weight  off  the 
defective  box. 

BBOKBN    AXLE    ON    FOITR- WHEELED    ENGINE    TBTJCK. 

48.  If  an  axle  on  a  four-wheeled  engine  truck  should 
break,  jack  up  the  front  end  of  the  engine  high  enough  to  take 
the  weight  off  the  truck;  then  raise  the  truck  frame  and  the  box 
with  the  broken  axle  parallel  to  the  one  on  the  opposite  side,  and 


Fig.  18, 


put  a  block  under  the  journal  box  on  the  stay-plate  or  pedestal 
(see  Fig.  18)  that  is  thick  enough  to  hold  the  box  in  that 
position.  The  journal-box  and  truck  frame  can  be  raised  by 
placing  a  jack  under  the  journal.  Chain  the  truck  in  position 
by  means  of  a  chain  (marked  a)  wound  around  the  main  frame 
rail  and  the  stay- plate,  passing  the  chain  between  the  stay- 
plate  bolts,  as  shown,  to  prevent  its  slipping  off.  Then  fasten 
another  chain  (marked  b)  around  the  corner  of  the  truck  frame 
nearest  the  broken  axle  and  the  engine  frame  on  the  opposite 
side  of  the  engine,  to  prevent  the  back  end  of  the  truck  from 
swinging  far  enough  to  allow  the  hind  truck  wheel  to  drop  off 
the  rail.  A  block  e^hould  then  he  placed  between  the  top  of  the 
front  end  of  the  equalizer  on  the  disabled  side  and  the  engine 
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frame,  as  shown  in  the  figure.  In  case  the  front  axle  breaks, 
chain  and  block  in  a  similar  manner.  The  jack  can  then  be 
removed  and  the  engine  carefully  run  to  the  terminal. 

With  a  rigid  center,  when  the  engine  center  casting  breaks, 
block  across  under  the  truck  frame  and  broken  center  and  over 
the  equalizers  from  one  aide  to  the  other,  as  shown  in  Fig.  19, 
with  pieces  of  rail  or  anything  that  can  he  gotten  in  and  will 
cany  the  load.  Or,  you  can  put  solid  blocks  on  each  side 
under  the  engine  frame  nearest  the  cylinder  saddle  and  on  top 


of  the  truck  frame.  This  will  give  you  the  use  of  the  engine- 
truck  springs.  This  last  method  is  applicable,  also,  to  swing- 
motion  trucks. 

BBOKEN    TENDER-TntrCK    WUKKlj. 

49.  When  the  tender-truck  wheel  breaks,  if  no  other 
damage  is  done,  turn  the  wheel  on  the  rail  so  as  to  have  the  good 
part  of  the  tread  on  the  rail.  If  the  truck  frame  is  of  the 
"diamond"  style,  take  a  short  piece  of  rail,  or  a  small  tie, 
and  run  it  across  the  top  of  the  stay-plates,  or  bottom 
pedestal-bolt  braces,  from  one  side  to  the  other  so  that  the 
broken  part  of  the  wheel  will  catch  on  the  tie,  or  rail,  as  the  case 
may  be,  and  ekid  the  wheels.  The  engine  can  then  be  taken  care- 
fully to  where  the  wheels  can  be  replaced.  If  the  wheels  have 
spokes,  an  iron  bar  can  be  used  to  better  advantage  than  the 
tie,  the  rail  being  placed  through  the  spokes. 

If  a  Fox  truck  is  used,  the  wheel  may  he  so  blocked  as  to  akid, 
by  cutting  a  short  block,  say  the  end  of  a  tie,  and  placing  it  on 
the  bolster-plate  flange  behind  the  wheel,  allowing  the  broken 


96  BREAKDOWNS.  §9 

part  of  the  wheel  to  rest  against  the  block,  and  thus  be  pre- 
vented from  turning.  If  the  tender  has  to  be  hauled  any  distance 
in  this  condition,  the  weight  should  be  reduced  to  save  the 
skidding  wheels  as  much  as  possible  so  that  the  wheel  will 
last  until  the  terminal  is  reached.  This  may  be  done  by 
carrying  as  little  water  and  coal  as  can  be  gotten  along  with. 
When  a  tender  is  blocked  up  in  this  fashion,  the  engine  should 
proceed  cautiously  and  slowly,  as  otherwise  a  bad  wreck  may 
occur.  The  proper  thing  to  do  is  to  proceed  to  the  nearest 
place  at  which  the  wheels  can  be  replaced,  and  avoid  blocking 
the  main  track  and  delaying  the  traffic. 


BROKEN    TENDER-TRUCK    AXIiE. 

50*  If  an  axle  in  the  tender  truck  breaks,  proceed  ss 
follows:  Raise  that  end  of  the  tender  to  position  and  block 
between  the  top  of  the  boxes  of  the  good  axle  and  the 
bottom  of  the  tender  frame  so  as  to  keep  it  there;  then  chain 
the  disabled  end  of  the  truck  to  a  cross- tie  placed  across 
the  tank. 

BROKEN    TENDER-COUPLER    CASTING. 

51.  Many  tender  frames  are  so  constructed  that  when  the 
tender  coupler  breaks  it  is  a  difficult  matter  to  rig  up  a  device 
behind  the  tender  that  will  pull  a  train.  If  the  frames  are 
made  of  channel  iron,  the  following  arrangement  may  be  used : 
Loop  a  chain  around  the  back  center  casting  allowing  it  to  pass 
out  under  the  back  end  of  the  tender  frame  and  couple  it  to  a 
single  link  in  the  car  coupler.  If  this  is  not  practicable,  chain 
from  the  deck  of  the  engine  through  under  the  tender  to  a 
single  link  in  the  front  car  coupler.  A  steel  tail  rope  comes 
handy  for  this  purpose.  The  engine  should  be  turned  so  as 
to  run  backwards  at  the  first  opportunity  to  avoid  further 
detention  in  case  the  chain  should  break. 
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BREAKDOWNS   PECULIAR  TO  PABTICU- 
liAB  TYPES  OF  ENGINES. 


EIGHT- WHBBIiBD    BNGLNIES. 


BROKEN    SIBE    ROD    OR    BACK    PIN. 

52.  In  the  event  of  either  a  broken  side  rod  or  a  broken 
back  crankpin,  no  other  damage  being  done,  it  will  be  necessary 
to  remove  the  side  rod  and  its  mate  on  the  opposite  side. 
The  train,  or  as  much  of  it  as  can  be  hauled,  can  then  be 
brought  in  by  means  of  the  two  main  drivers,  since  the  main 
rods  are  still  up. 


BROKEN    TIKE    ON    FRONT    DRTVSR. 

53.  If  the  tire  breaks  on  the  front  driver  of  an  engine 
having  overhung  spring  rigging,  it  will  be  necessary  to  raise 
the  wheel  the  thickness  of  the  tire  above  the  rail  and  carry 
it  in  that  position  after  relieving  it  of  the  weight  it  carries. 
To  block  up  for  an  accident  of  this  kind,  proceed  as  follows: 
Run  the  wheel  with  the  broken  tire  up  on  a  wedge,  until  it 
has  been  raised  4  or  5  inches,  and  place  an  iron  block 
between  the  top  of  the  frame  and  the  spring  saddle,  as  shown 
in  Fig.  20.  Remove  the  oil  cellar  and  fit  a  block  of  wood 
in  its  place  (the  grain  of  the  wood  running  parallel  with 
the  axle),  and  fit  another  block  between  the  bottom  of  the 
driving  box  and  the  pedestal  brace.  The  two  blocks  between 
the  pedestal  brace  and  the  axle  are  intended  to  carry  the 
weight  of  the  wheel  and  the  box;  whereas,  the  block 
between  the  top  of  the  frame  and  the  spring  saddle  relieves  the 
box  of  its  load.  It  is  necessary  to  so  relieve  the  box,  for 
the  reason  that  otherwise  the  pedestal  brace  would  be  required 
to  carry  the  weight  of  both  the  wheel  and  the  box,  and  also  the 
weight  that  the  box  usually  carries,  and  the  result  would  be  a 
broken  pedestal  brace  and  still  more  trouble.  The  space  around 
the  driving  axle  should   be  filled  with  waste  well  saturated 
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with  oily  80  as  to  provide  lubrication  for  the  journal  as  it  turns 
on  the  wooden  block,  and  care  should  be  taken  to  keep  this 
box  well  oiled.  Remember  that  in  placing  a  block  over  a 
driving  box,  the  oil  holes  must  be  left  unobstructed  so  that 
oil  can  get  to  the  journal  freely,  as  boxes  blocked  up  are  liable 
to  run  hot  even  when  well  lubricated. 

Blocking  for  a  broken  tire  in  this  manner  gives  the  use  of 
both  springs.  Of  course,  the  box  that  is  blocked  up  gets  no 
benefit  from  its  driving  spring,  but  when  the  weight  is  trans- 
ferred from  the  box  to  the  frame,  by  means  of  the  block 
between  the  frame  and  the  spring  saddle,  no  extra  strain  is 
thrown  on  any  one  part  of  the  spring  rigging. 

If,  when  the  tire  breaks,  the  side  rod  is  so  injured  as  to 
necessitate  its  removal,  its  mate  must,  of  course,  be  taken  down; 
but  if  the  side  rod  is  uninjured,  there  is  no  reason  for  their 
removal  The  driver  brake,  however,  must  be  cut  out  in  all 
cases  of  this  kind. 

54.  Another  method  of  blocking  an  eight-wheeled  engine 
having  overhung  driving  springs,  in  the  event  of  a  broken 
front  tire,  is  shown  in  Fig.  21.  In  this  method,  the  wheel 
is  run  up  on  a  wedge,  and  blocks  placed  in  the  oil  cellar 
and  between  the  bottom  of  the  box  and  the  pedestal  brace, 
as  in  the  previous  case.  To  relieve  the  box  of  its  weight, 
however,  a  block  is  placed  between  the  end  of  the  equalizer 
nearest  the  injured  wheel  and  the  top  of  the  frame,  as  shown. 
By  this  means,  the  front  driving  spring  is  cut  out  and  severe 
strains  are  placed  on  the  equalizer,  equalizer  post,  and  post 
bolts,  which  may  result  in  a  broken  equalizer  or  equalizer  post. 
This  method,  however,  can  be  used  to  advantage  in  cases  where 
the  front  driving  spring  has  been  injured  in  such  a  way  as 
to  prevent  its  carrying  its  load  safely.  If  the  spring  or 
hangers  are  not  injured,  the  first  method  is  preferable  to  this. 
But  the  driver  brake  must  be  cut  out  in  either  case,  and  if  the 
side  rods  are  injured,  they  must,  of  course,  be  removed. 

Pig.  22  shows  a  method  of  blocking  an  eight- wheeled  engine 
having  underhung  spring  rigging,  should  a  front  tire  break.  In 
this  case,  also,  the  front  wheel  is  run  up  on  a  wedge,  and  blocks 
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fitted  in  place  of  the  oil  cellar  and  between  the  bottom  of  the 
driving  box  and  the  pedestal  brace,  as  before;  with  this  style 
of  spring  rigging,  however,  it  will  be  necessary  to  either  chain 
up  that  end  of  the  equalizer  nearest  the  injured  wheel,  as  shown 
in  the  figure,  or,  if  no  chain  is  at  hand,  block  down  the  back 
end  of  the  equalizer  by  means  of  a  block  placed  between  the 
bottom  of  the  frame  and  the  top  of  that  end  of  the  equalizer. 
Also  block  over  the  back  driving  box.  The  driver  brake  must 
be  cut  out,  and  if  the  side  rod  is  injured,  it  and  its  mate  must 
be  removed. 

55.  Two  methods  of  blocking  an  eight-wheeled  engine 
having  the  equalizer  between  the  frames  are  shown  in  Figs.  23 
and  24.  The  method  of  blocking  shown  in  Fig.  23  permits 
the  use  of  the  front  driving  spring,  and  therefore  is  the  prefer- 
able method,  provided  the  front  spring  is  in  condition  to  carry 
its  load  safely.  If  this  spring  is  so  injured,  however,  as  to 
make  it  unsafe,  the  second  method  of  blocking  had  better  be 
used,  for  then  the  spring  is  cut  out  of  service.  With  either 
method,  the  driver  brake  must  be  cut  out  and  the  side  rods 
removed,  if  suflSciently  injured. 


BBOKBN    TIKE    ON    BACK    DRIVER. 

66.  If,  on  an  eight-wheeled  engine,  the  back  driving  tire 
should  break,  it  should  be  blocked  up  in  exactly  the  same 
manner  as  the  front  tire  would  be;  that  is,  the  wheel  with  the 
broken  tire  should  be  run  up  on  a  wedge  and  blocks  fitted  in 
place  of  the  oil  cellar  and  below  the  box,  as  already  explained; 
also,  an  iron  block  should  be  placed  between  the  top  of  the 
frame  and  the  spring  saddle,  if  the  spring  will  carry  its  load 
properly,  but  if  it  will  not,  the  block  should  be  placed  between 
the  back  end  of  the  equalizer  and  the  frame,  and  also  one  over 
the  forward  driving  box.  If  the  engine  has  underhung  rigging, 
the  back  end  of  the  equalizer  must  be  chained  up,  or  else  the 
front  end  of  the  equalizer  blocked  down.  The  driver  brake 
must,  of  course,  be  cut  out,  and  if  the  side  rods  are  suflSciently 
injured,  they  must  be  taken  down. 
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With  the  back  tire  gone,  be  careful  in  passing  over  frogs  and 
switches,  as  there  is  nothing  to  keep  the  good  back  tire  from 
leading  into  the  point  of  the  frog.  Chain  across  from  the  step 
on  the  engine  deck  on  the  disabled  side  to  the  tender  frame  on 
the  other  side;  this  will  hold  the  good  flange  against  the  raiL 


BROKBN    VBONT   AXUB. 

57.  In  the  event  of  the  front  axle  on  an  eight- wheeled 
engine  breaking  outside  the  driving  box,  block  up  in  exactly  the 
same  manner  as  you  would  in  the  case  of  a  broken  tire,  except 
that  the  oil  cellar  need  not  be  removed.  When  an  axle  breaks, 
however,  it  will  be  necessary  to  take  down  both  side  rods  and 
the  main  rod  on  the  side  of  the  broken  wheel,  and  as  there  is  no 
wheel  to  run  up  on  a  wedge,  the  broken  end  of  the  axle  will  have 
to  be  jacked  up  to  position  before  blocking.  The  driver  brake 
must  be  cut  out  In  this  case,  it  will  be  necessary  to  proceed 
with  simply  the  engine,  as  only  one  driver  out  of  the  four  is  in 
service.  If  the  axle  is  broken  between  the  boxes,  it  will  be 
necessary  to  block  up  both  wheels  and  be  towed  in. 


BBOKBN  BACK  AXXB. 

58.  In  the  event  of  the  back  axle  on  an  eight-wheeled 
engine  breaking  outside  the  driving  box,  block  up  as  you 
would  for  a  broken  back  tire,  without  removing  the  oil 
cellar.  In  this  case,  however,  the  side  rods  must  come  down, 
and  it  will  be  necessary  to  jack  the  broken  end  of  the  axle  into 
position  before  blocking.  The  driver  brake  must  be  cut  out. 
The  engine,  and  as  much  of  the  train  as  can  be  hauled  with 
the  two  front  drivers,  can  then  be  taken  in. 


BROKEN    FRONT    DRIVING    SPRING    OR    HANGBB. 

59.  In  the  event  of  the  main  spring  on  an  eight-wheeled 
engine  breaking,  proceed  as  follows:  Run  the  main  driver  up  on 
a  wedge  so  as  to  relieve  the  back  spring  as  much  as  possible; 
then,  by  means  of  a  pinch  bar,  pry  up  the  front  end  of  the  equal- 
izer until  it  is  level,  and  block  it  there,  as  shown  in  Pig.  26. 
Then  run  the  main  driver  off  the  wedge,  run  the  back  driving 
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wheel  up  on  the  wedge,  and  put  a  block  on  top  of  the  main  box 
under  the  frames,  as  shown  in  the  figure,  so  as  to  make  the 
engine  ride  level;  next  run  the  engine  off  the  wedge  and 
slacken  the  main  driving  box  wedge  a  little  to  prevent  the  box 
sticking  in  case  it  should  become  warm  enough  to  expand  and 
stick.  See  that  this  box  has  plenty  of  oil,  and  watch  it  when 
running,  as  it  is  liable  to  heat.  Remove  the  broken  parts  if 
they  are  liable  to  get  caught  in  anything,  and  you  are  ready 
to  proceed. 

Pig.  26  shows  the  method  of  blocking  up  an  eight-wheeled 
engine  with  underhung  spring  rigging,  in  the  event  of  the  main 
spring  breaking.  In  this  case,  a  block  is  placed  between  the 
top  of  the  main  box  and  the  frame,  as  before,  but  the  equalizer, 
being  below  the  frames,  must  be  chained  into  position  instead 


Pig.  27. 

of  being  blocked  up,  as  in  the  former  case.  Blocking  the  back 
end  of  the  equalizer  down  serves  the  same  purpose  as  chaining 
the  front  end  up. 

In  Fig.  27  is  shown  a  method  of  blocking  an  eight-wheeled 
engine  (in  the  event  of  main  spring  breaking)  having  the  equal- 
izer between  the  top  and  the  bottom  bars  of  the  frame,  as 
shown.  The  only  difference  in  blocking  the  above  styles  of 
spring  riggings  lies  in  the  method  of  securing  the  equalizer. 


BROKEN    BACK    DRIVING    SPRING    OR    HANGER. 

60.  In  the  event  of  the  back  driving  spring  or  spring 
hanger  breaking  on  an  eighth  wheeled  engine  having  overhung 
rigging,  as  in  Fig.  28,  run  the  back  wheel  up  on  a  wedge  to 
take  the  strain  off  the  main  spring,  pry  the  back  end  of  the 
equalizer  up  level  and  block  it  there;   next  run  the  back  wheel 


§9 


BREAKDOWNS. 


105 


off  the  wedge  and  run  the  front  driving  wheel  up  on  the  wedge 
to  raise  the  frame  off  of  the  back  driving  box;  then  put  a 
block  on  top  of  the  back  driving  box,  under  the  frame,  to 
carry  the  engine  level.     Slacken  the  back  driving- box  wedge  a 


Fig.  28. 

little,  as  in  the  case  of  broken  main-driving  spring,  to  prevent 
the  box  sticking,  and  oil  the  box  freely. 

In  Fig.  29  is  shown  a  method  of  blocking  for  a  broken  back 
spring  or  spring  hanger  in  an  engine  having  an  equalizer 
between  the  top  and  bottom  bars  of  the  frame  and  another  over 
the  back  driving  box.  To  do  this,  raise  the  back  end  of  the 
engine  with  jacks  or  by  running  the  back  wheel  up  on  a  wedge, 
to  relieve  the  springs  as  much  as  possible;  then  pry  the  back 
end  of  the  equalizer  down  until  it  is  in  its  normal  position; 
then  insert  a  block  of  iron  or  hardwood  between  the  back  end 
of  the  equalizer  and  the  top  bar  of  the  frame,  as  shown.     Next 


Fio.  29. 


run  the  back  driver  down  off  the  wedge  and  the  front  driver  up 
on  it  to  raise  the  frame  above  the  back  driving  box,  and  block 
between  the  box  of  the  back  driver  and  the  frame,  taking  care 
to  leave  oil  holes  open.  Also  oil  the  back  box  freely.  This 
method  of  blocking  gives  you  the  use  of  the  front  spring. 
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BROKBN    EQUALIZBB. 

61.  In  the  event  of  the  equalizer  or  equalizer  post  break- 
ing on  an  eight- wheeled  engine,  that  side  of  the  engine  on 
which  it  breaks  will  drop  down  until  the  frame  rests  solidly 
on  the  driving  boxes.  The  thing  to  do  in  a  case  of  this  kind  is 
to  raise  the  frame  on  that  side  to  its  normal  position  and  block 
between  it  and  the  driving  boxes  to  hold  it  there.  To  do  this, 
proceed  in  the  following  manner:  Run  the  back  driver  up  on  a 
wedge  until  an  iron  block  of  the  proper  size  to  hold  the 
frame  in  position  can  be  placed  between  the  front  driving  box 
and  the  bottom  of  the  frame,  as  shown  in  Fig.  30.  Running 
the  back  wheel  up  on  the  wedge  causes  it  to  take  the  weight 
off  the  front  driver  and  raise  the  frame  above  the  front  driving 
box  far  enough  so  that  the  iron  block  can  be  put  in  position  as 
indicated  in  the  figure.  After  blocking  between  the  front  driv- 
ing box  and  the  frame,  roll  the  back  driver  off  the  wedge  and 
run  the  front  driver  up  on  it.  This  will  cause  the  front  driver 
to  take  the  weight  off  the  back  driver  and  raise  the  frame  far 
enough  so  that  an  iron  block  can  be  placed  between  the  top 
of  the  back  driving  box  and  the  bottom  of  the  frame,  as  shown 
in  the  figure.  The  front  driver  should  then  be  run  off  the 
wedge.  If  the  spring  rigging  on  that  side  is  not  properly 
secured  so  as  to  avoid  further  damage,  take  out  the  springs, 
and  then  proceed.  Blocking  both  drivers  in  the  manner  indi- 
cated in  Fig.  30  makes  that  side  of  the  engine  rigid,  since  it  cute 
out  both  the  driving  springs.  The  side  rods  need  not  be  discon- 
nected for  an  accident  of  this  nature,  neither  is  it  necessary  to 
cut  out  the  driver  brake,  but  the  driving  boxes  on  the  side  of 
the  engine  that  is  blocked  up  should  be  closely  watched  and 
should  receive  oil  liberally,  as  they  are  liable  to  become  hot. 

MOGUIi   ENGINE. 


BROKEN    BACK    SECTTION    OF    SIDE    ROI>. 

62.  In  the  event  of  a  broken  back  section  of  the  side  rod 
(the  knuckle-joint  pin  being  back  of  the  main  pin),  remove  that 
section  and  its  mate,  as  previously  explained.  This  will  still 
leave  the  first  and  second  pairs  of  drivers  in  good  condition  and 
in  service. 
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BROKEN  FRONT  SECTION  OF  SIDE  ROB. 

63«  In  the  event  of  the  front  section  of  the  side  rod 
breaking  (the  knuckle-joint  pin  being  hack  of  the  main  pin),  all 
side  rods  must  come  down  and  only  the  main  drivers  will  be 
left  in  service.  The  train,  or  as  much  of  it  as  can  be  hauled 
with  only  the  main  drivere,  is  then  ready  to  proceed. 


BROKEN  TIRE  ON  FRONT  DRTTER. 

64,  In  the  event  of  the  front  tire  on  a  mogul  engine 
breaking,  run  that  wheel  up  on  a  wedge  so  as  to  raise  it  to  about 
its  normal  position;  remove  the  oil  cellar  and  fit  a  block  in  its 
place  and  fill  the  space  between  the  bottom  of  the  box  and  the 
pedestal  brace  with  another  block,  as  shown  in  Fig.  31.  Put 
waste  in  the  space  around  the  journal  and  saturate  it  well  with 
oil;  then  put  an  iron  block  between  the  top  of  the  frame  and 
the  spring  saddle,  as  shown  in  the  figure,  to  make  the  frame 
carry  the  weight  that  is  usually  carried  by  the  box.  Next, 
cut  out  the  driver  brake.  If  the  side  rods  are  uninjured,  there 
is  no  reason  why  they  should  be  taken  down. 

If  the  middle  driver  is  flangeless,  great  care  will  have  to  be 
exercised  in  going  around  curves,  for  the  reason  that  there  will 
be  no  guiding  flange  on  the  first  set  of  drivers,  and  since  the 
truck  wheel  and  the  back  drivers  are  the  only  guides,  the  first 
driving  wheel  is  liable  to  drop  off  the  rail.  If,  in  your  judg- 
ment, the  wheel  is  apt  to  drop  off  the  rail  when  on  a  curve, 
it  will  probably  be  well  to  swing  the  other  front  driver  until 
you  are  on  a  straight  track  again,  when  it  may  be  dropped  on 
the  rail  and  allowed  to  carry  its  load,  or  block  the  engine  truck. 
In  swinging  this  wheel,  though,  it  is  best  not  to  swing  it  higher 
than  will  just  allow  it  to  clear  the  rail.  To  swing  it,  run  it  up 
on  a  wedge  and  block  up,  as  in  the  case  of  a  broken  tire. 


BROKEN    TIRE    ON    MTDBLE    DRIVER. 

65.  In  the  event  of  the  main  tire  of  a  mogul  breaking, 
run  that  wheel  up  on  a  wedge  until  it  is  in  about  its  normal 
position;  take  out  the  oil  cellar  and  replace  it  with  a  block,  and 
block  between  the  bottom  of  the  box  and  the  pedestal  brace, 
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as  shown  in  Fig.  32;  then  place  an  iron  block  between  the  top 
of  the  frame  and  the  spring  saddle  to  carry  the  weight  off  the 
box.  This  permits  of  the  use  of  the  middle  driving  spring.  If 
it  is  found  that  the  middle  driving  spring  will  not  carry  the 
weight  satisfactorily,  block  up  that  end  of  the  equalizer  next  to 
the  broken  wheel  instead  of  blocking  between  the  frame  and  the 
spring  saddle;  that  is,  put  a  block  between  the  top  frame  and 
the  end  of  the  equalizer,  as  explained  in  connection  with  eight- 
wheeled  engines.  Cut  out  the  driver  brake  and  you  are 
ready  to  proceed. 

BBOKEX    TIKE    ON    BACK    DBIVXB. 

66.  When  an  accident  occurs  to  the  back  tire  of  a  mogul 
engine,  swing  that  wheel  and  block  it  as  in  the  case  of  the 
middle  wheel;  in  other  words,  block  below  the  driving  box  and 
in  place  of  the  oil  cellar,  and  either  block  between  the  frame 
and  under  the  spring  saddle  or  between  the  frame  and  the 
back  end  of  the  equalizer.  Then  cut  out  the  driver  brake 
and  proceed. 

If  the  middle  drivers  have  blind  tires,  this  breakdown  will 
not  be  BO  easily  handled;  in  that  event,  there  will  be  no  guiding 
flange  on  either  the  middle  or  back  driver  on  the  broken  side, 
and  the  result  will  be  that  the  engine  will  have  a  tendency  to 
drop  off  the  track.  To  prevent  this,  fasten  a  stout  chain  to  the 
back  end  of  the  frame  on  the  side  having  the  broken  tire  and 
secure  the  other  end  of  the  chain  to  the  opposite  side  of  the 
tender  in  such  a  way  as  will  hold  the  back  end  of  the  engine  over 
toward  the  side  having  the  good  rear  driver;  in  other  words, 
this  chain  should  tend  to  crowd  the  engine  over  against  the 
flange  of  the  rear  driver  and  thus  guide  the  rear  end  of  the 
engine.  Proceed  with  great  caution  when  thus  chained  up, 
looking  out  for  frogs  and  switches  that  this  flange  may  lead  into. 


BBOELEN    AXTiK    ON    FRONT    DRTVER. 

67.  Whenever  the  axle  on  the  front  driver  breaks  outside 
the  box,  it  is  necessary  to  remove  all  the  side  rods,  while  the 
driver  brake  must  be  cut  out  After  removing  the  side  rods 
it  will  be  necessary  to  remove  the  broken  driver.     This  is  a 
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difficult  thing  to  do,  especially  on  engines  having  the  alligator 
type  of  crosshead.  The  driver  may  be  removed,  however, 
as  follows:  Disconnect  the  main  rod  on  that  side  and  push 
the  crosshead  to  its  forward  position,  in  order  to  give  as 
much  space  as  possible  between  the  guide  yoke  and  the  end 
of  the  crosshead;  this  will  allow  more  space  in  which  to 
work  the  wheel  out  of  the  way.  Next,  cut  off  the  ends  of 
two  or  three  ties  and  dig  a  hole  in  the  ground  directly  under 
the  wheel,  and  sufficiently  deep  that  when  the  wheel  is  dropped 
into  it,  the  wheel  may  be  worked  from  under  the  guides  and 
out  of  the  way.  After  removing  the  wheel,  jack  up  the  axle 
until  it  is  in  its  normal  position  and  block  up  between  the 
bottom  of  the  driving  box  and  pedestal  brace,  and  the  oil 
cellar  will  carry  the  axle  in  the  proper  position;  next  block 
between  the  top  of  the  frame  and  the  spring  saddle  so  as  to 
relieve  the  box  of  the  weight  it  carries.  It  should  next  be 
ascertained  whether  the  crank  of  the  front  driver  on  the 
opposite  side  will  clear  the  crosshead,  since  in  some  makes  of 
engines  it  wiU  not.  If  it  is  found  that  it  will  not  clear  the 
crosshead  it  will  be  necessary  to  swing  that  wheel  also,  placing 
the  pin  in  such  a  way  that  it  will  clear  the  crosshead.  To 
swing  this  wheel,  block  up  in  exactly  the  same  manner  as  in 
case  of  a  broken  axle,  only  now  the  wheel  can  be  raised  by 
means  of  a  wedge  instead  of  by  jacking  up  the  axle.  Care 
must  be  taken,  when  rounding  curves,  that  the  drivers  with 
blind  tires  do  not  drop  off  the  rails.  The  driver  brake  must  be 
out  out  

BBOKBK    AXLX    ON    MAIK    BRIVEB. 

68.  In  case  of  an  axle  on  the  main  driver  breaking  out- 
side of  the  box,  it  will  be  hard  to  say  how  much  damage  may 
be  done.  If  no  other  damage  is  done,  however,  it  will  be 
necessary  to  take  down  all  the  side  rods,  and  the  main  rod  on 
the  disabled  side;  also,  to  block  the  crosshead,  disconnect  the 
valve  rod,  and  clamp  the  valve  on  the  center  of  the  seat,  so 
as  to  cover  the  steam  ports.  Then  remove  the  wheel,  jack  up 
the  broken  end  of  the  journal  until  it  is  in  its  proper  position, 
and  fit  a  block  below  the  driving  box  and  the  pedestal  brace; 
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then  block  between  the  top  of  the  frame  and  the  spring  saddle, 
if  the  main  spring  will  carry  its  load  safely,  but  if  it  will  not, 
block  between  the  end  of  the  equalizer  nearest  the  broken  axle 
and  the  top  of  the  frame.  Next,  cut  out  the  driver  brake. 
When  thus  stripped,  the  engine  has  only  one  main  rod  up  and 
one  driving  wheel  in  actual  service,  so  that  the  engineer  cannot 
hope  to  do  more  than  just  take  the  lone  engine  into  the 
terminal.  It  must  be  borne  in  mind,  however,  that  the  force 
exerted  by  the  steam  cylinder  is  now  applied  directly  to  one 
driver,  instead  of  to  the  three  drivers  as  when  they  were  all  con- 
nected; hence  the  throttle  must  be  used  very  carefully  or  the 
driver  will  slip  badly  and  catch  on  the  center. 

If  the  main  drivers  have  blind  tires  and  no  collars  on  the 
axle,  or,  if  the  axle  is  broken  between  the  boxes,  it  will  be 
necessary  to  swing  the  good  main  wheel  also,  in  which  case  it 
will  be  necessary  to  tow  the  engine  in.  Before  doing  this, 
disconnect  the  valve  rod  and  clamp  the  valve  in  mid-position, 
and  also  block  the  crosshead.  Then,  raising  the  wheel  until 
the  box  is  against  the  top  of  the  jaw,  block  in  this  position, 
and  chain  the  wheel  fast  with  the  counterweight  on  the 
lower  side;  this  is  to  prevent  the  wheel  working  out  far 
enough  to  cause  further  trouble.  If  time  is  valuable  and  it  is 
desired  to  get  things  out  of  the  way  as  quickly  as  possible,  so 
as  to  prevent  obstruction  to  the  main  track,  the  links  and 
eccentrics  may  be  left  up  in  each  case,  and  the  engine  should 
be  towed  carefully  to  avoid  further  damage. 


BBOKSN    AXLB    ON    BACTK    DRTVTCB. 

69.  When  the  back  axle  breaks  outside  the  driving  box 
and  no  other  damage  is  done,  remove  both  back  sections  of  the 
side  rods,  remove  the  broken  wheel,  jack  up  the  broken  end  of 
the  axle  until  it  is  in  its  normal  position,  and  block  between 
the  bottom  of  the  box  and  the  pedestal  brace.  Then  block 
between  the  top  of  the  frame  and  the  spring  saddle,  or,  if  the 
spring  will  not  carry  its  load,  between  the  top  of  the  frajme  and 
the  back  end  of  the  equalizer.  If  the  middle  tire  is  a  blind 
one,  it  will  be  necessary  to  fasten  a  chain  around  the  tail-piece 
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of  the  engine  frame  on  the  disabled  side,  and  then  pass  it  across 
to  the  opposite  side,  secure  to  the  front  corner  of  the  tender 
frame,  and  wedge  it  there  as  tightly  as  possible  so  as  to  crowd 
the  flange  of  the  wheel  against  the  rail.  The  driver  brake 
should  be  cut  out  and  the  engine  run  carefully  to  the  shop. 
When  rounding  a  curve,  place  a  wedge  between  the  tender 
frame  and  the  engine  frame,  close  to  the  drawbar  on  the  side 
next  to  the  broken  wheel,  so  as  to  help  guide  the  back  end 
of  the  engina 

BROKEN    FBONT    SPBIXG,    OR   HANGER. 

70.  Should  the  front  spring  on  a  mogul  engine  having  a 
spring  rigging  like  that  shown  in  Fig.  33,  break,  proceed  as 
follows:  The  end  of  the  cross-equalizer  next  to  the  broken 
spring  will  drop  on  top  of  the  frame,  and  if  this  does  not  drop 
the  long  truck  equalizer  too  low,  it  may  be  allowed  to  remain 
there.  However,  it  had  better  be  raised  to  position  and  a 
block  placed  between  it  and  the  top  of  the  frame,  as  shown. 
This  will  carry  the  back  end  of  the  long  truck  equalizer.  The 
truck  wheel  on  the  disabled  side  of  the  engine  should  then  be 
run  up  on  a  wedge,  to  raise  the  frame  on  that  side  to  the  proper 
height;  an  iron  block  should  then  be  placed  between  the  top  of 
the  front  driving  box  and  the  frame,  as  shown,  to  carry  the 
weight  rigidly  on  that  box.  The  front  truck  may  then  be  run 
ofif  the  wedge  and  the  engine  will  be  ready  to  proceed;  but  the 
box  that  has  the  block  between  it  and  the  frame  should  be  well 
lubricated,  and  closely  watched,  as  a  box  blocked  up  in  this 
fashion  is  very  apt  to  run  hot 


BROKEN    MAIN    SPRING. 

71.  When  the  main  spring,  or  hanger,  on  a  mogul  engine 
having  spring  rigging  like  that  shown  in  Fig.  34,  breaks,  the 
following  plan  should  be  used:  Place  a  block  between  the  top 
of  the  driving  box  and  the  frame  on  the  front  and  back  drivers 
so  as  to  take  up  the  play  there  and  prevent  the  boxes  rising  in 
the  pedestal  jaws.  Then  run  these  two  drivers  up  on  wedges  so 
as  to  raise  the  frame  to  its  regular  height  above  the  main 
driving  box,  and  block  up  this  box  by  placing  an  iron  block 
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between  the  top  of  the  box  and  the  bottom  of  the  frame.  This 
will  make  the  main  driver  rigid.  Next,  pry  up  the  end  of  the 
spring  between  the  frames  that  is  next  to  the  broken  spring,  and 
place  a  block  between  the  end  of  the  spring  and  the  top  of  the 
bottom  rail  of  the  frame,  as  shown  in  the  figure.  Blocking  like 
this  relieves  the  broken  spring  and  cuts  it  out  of  service.  After 
blocking  in  this  manner,  run  the  drivers  off  the  wedges  and 
remove  the  blocking  from  above  the  front  and  back  driving 
boxes,  as  otherwise  the  whole  side  of  the  engine  would  be 
carried  rigidly  on  the  boxes. 


BROKEN    INTERMSBIATZ:    BQ17AXJZEB. 

72.  In  the  event  of  an  intermediate  equalizer  on  a  mogul 
engine  breaking,  the  spring  rigging  being  similar  to  that  shown 
in  Fig.  35,  remove,  if  possible,  the  broken  piece  of  the  equalizer. 
Next,  run  the  main  driver  up  on  a  wedge,  so  as  to  raise  the  frame 
above  the  rear  driving  box,  and  thus  permit  the  insertion  of  an 
iron  block  between  the  top  of  the  box  and  the  frame;  then  pry 
up  the  back  end  of  the  spring  that  is  between  the  top  and 
bottom  rails  of  the  frame  and  place  a  block  between  the  back 
end  of  the  spring  and  the  lower  rail  of  the  frame;  this  will 
make  the  rear  driver  rigid  on  that  side,  but  it  will  permit  of  the 
use  of  the  other  springs.  Sometimes  it  is  diflBlcult,  or  even 
impossible,  to  remove  the  equalizer  so  as  to  permit  of  a  block 
being  placed  on  the  rear  box  below  the  frame.  In  this  event, 
simply  block  up  the  rear  end  of  the  spring,  as  already 
explained,  and  allow  the  main  wheel  to  carry  the  overhanging 
weight.  If  the  engine  settles  badly  on  this  account,  it  may  be 
necessary  to  block  between  the  main  driving  box  and  the  frame. 
Block  the  rear  driving  spring  as  shown  in  the  figure. 


BROKEN    IX>N6    EQUAXIZER    ON    MOGUL. 

73.  Wlien  Break  Occurs  In  Front  of  Fulcrum 
Bearing:. — Just  what  to  do  in  case  the  long  equalizer  that 
evenly  distributes  the  weight  between  the  front  drivers  and  the 
truck  of  a  mogul  engine  breaks,  will  depend  on  the  position 


116  BREAKDOWNS.  §9 

of  the  break  and  also  on  the  construction  of  the  fulcrum 
bearing  of  the  equalizer.  On  some  engines  the  fulcrum  is  con- 
structed as  in  Fig.  36,  having  two  holes  through  the  equalizer 
and  the  fulcrum- bearing  casting  for  the  purpose  of  changing  the 
weight  on  the  truck  wheels.  In  case  this  equalizer  breaks  for- 
ward of  the  fulcrum  bearing,  the  front  piece  should  be  removed 
or  secured  so  that  it  can  cause  no  trouble.  The  truck  should 
then  be  blocked  up  solidly  between  the  truck  and  frames  by 
placing  blocks  on  top  of  the  pony  truck-frame  hangers  directly 
under  the  frame  of  the  engine,  and  it  should  afterwards  be  run 
up  on  wedges  so  as  to  raise  the  engine  frame  with  respect  to  the 
front  driving  boxes.  Jacks  may  be  used  for  the  purpose  if 
at  hand.  This  has  the  same  effect  as  though  the  front  driving 
wheel  and  its  box  were  lowered  in  the  jaw,  and  it  eases  the 
tension  of  the  springs  considerably.  The  back  end  of  the  equal- 
izer should  be  pried  down  until  it  is  possible  to  put  another  pin 
through  the  extra  hole  in  the  equalizer-fulcrum  casting  and 
equalizer  bar,  thus  applying  pins  to  both  holes.  By  this  means 
the  equalizing  bar  is  made  rigid  and  will  hold  the  cross-equal- 
izer and  the  front  driving  springs  in  position.  The  truck  wheels 
should  then  be  run  off  the  wedges.  On  engines  having  the 
equalizer  constructed  with  only  one  bolt  hole,  probably  the  best 
thing  to  do  would  be  to  block  between  the  front  driving  box 
and  the  frame  on  both  sides  so  as  to  carry  the  frame  rigidly 
on  the  front  boxes.  Another  plan  is  to  raise  the  front  end 
of  the  engine  frames  and  pry  the  front  ends  of  the  front  driving 
springs  down  to  position  and  chain  the  cross-equalizer  to  position 
by  chaining  around  the  engine  frames. 

74.  When  Break  Occurs  Back  of  Fulcrum  Bear- 
ing:.— If  the  break  occurs  back  of  the  fulcrum,  the  front  part 
may  be  left  in  position,  as  it  can  do  no  harm,  but  the  loose 
broken  pieces  should  be  removed  to  prevent  trouble.  The 
quickest  way  of  handling  this  breakdown  is  to  run  the  front 
truck  up  on  wedges,  as  before,  or  use  jacks,  so  as  to  raise  the 
frames  sufficiently  high  above  the  front  driving  boxes,  that  when 
they  are  blocked  in  that  position  and  the  truck  then  nm  off  the 
wedges,  the  front  end  of  the  frame  will  not  bear  down  on  the 
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truck  enough  to  make  it  rigid.  Then  block  the  frame  in  this 
position  by  placing  iron  blocks  between  the  top  of  the  front 
driving  box  and  the  frame,  on  both  sides  of  the  engine;  run  the 
truck  ofif  the  wedges,  and  proceed.  The  engine  should  be  run 
carefully  around  curves,  over  frogs,  switches,  etc. 

Another  method  of  handling  this  accident  would  be  to  place 
a  tie  crosswise  below  the  top  bar  of  the  rail,  and  chain  the  cross- 
equalizer  to  this  tie,  as  shown  in  Fig.  36;  by  this  means  the 
front  driving  springs  can  be  utilized. 

Still  another  method  is  to  block  between  the  top  of  the  cross- 
equalizer  and  the  bottom  of  the  boiler.  When  this  method  is 
used,  the  blocking  must  be  in  long  pieces  and  placed  lengthwise 
of  the  boiler  so  as  to  cover  a  large  surface. 


bboezb:^^  front  pik  of  trxjcx.  fqitai^izfb. 

■ 

75.  First  Metliod. — In  case  the  front  pin,  or  ''Aleck 
bolt,''  of  a  long  truck  equalizer  on  a  mogul  engine  should  break, 
raise  the  front  end  of  the  engine  above  its  normal  position  (by 
means  of  jacks  or  otherwiFe)  so  as  to  raise  the  frames  with  respect 
to  the  front  driving  boxes,  thus  easing  the  tension  of  the  front 
driving  springs;  next,  jack  up  the  front  end  of  the  equalizer 
and  place  a  hardwood  block,  or,  better  still,  a  truck  brass, 
if  one  can  be  obtained,  on  top  of  the  truck  axle  and  allow 
the  end  of  the  equalizer  to  rest  on  it,  as  shown  in  Fig.  37. 
This  will  cause  the  truck  to  carry  its  share  of  the  weight  as 
usual.  The  brass  should  be  kept  well  oiled,  however,  to  avoid 
imdue  heating.  If  a  hardwood  block  is  used,  it  is  best  to 
gouge  out,  if  possible,  the  shape  of  the  axle,  so  as  to  increase 
the  bearing  surface,  and  a  flat  piece  of  iron  should  be  placed  on 
top  of  the  block  between  it  and  the  equalizer.  If  the  axle  is 
kept  well  oiled  where  the  brass  rides  on  it,  but  little  trouble  will 
be  experienced. 

76.  Second  Metliod. — Another  method  of  blocking  up, 
in  case  the  front  pin,  or  ** Aleck  bolt,"  of  the  long  truck  equalizer 
breaks,  is  shown  in  Fig.  38.  To  block  up  in  this  manner,  jack 
up  the  front  end  of  the  engine,  either  by  means  of  jacks  or  by 
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running  the  front  truck  up  on  wedges,  or  otherwise,  so  as  to 
relieve  the  tension  on  the  spring  rigging;  then  jack  up  the 
front  end  of  the  long  equalizer  until  it  is  a  little  above  its 
normal  position;  place  a  tie,  a  short  piece  of  rail,  or  anything 
that  will  stand  the  strain,  across  the  front  of  the  frame,  as 
shown,  and  then  chain  the  front  end  of  the  long  equalizer  to 
this  tie.  This  will  hold  the  front  end  of  the  long  equalizer 
rigid,  but  will  give  the  use  of  the  front  driving  spring.  The 
front  truck,  however,  will  be  relieved  of  its  share  of  the  load, 
and  is  liable  to  get  off  the  track. 


ATIiAiraiC   TYPE   ENGINE. 


BBOKBN    SII>£    BOI>    OB    FRONT    PIN. 

77.  In  the  event  of  a  side  rod  or  the  front  crankpin  of 
an  Atlantic  type  engine  breaking,  proceed  in  exactly  the  same 
manner  as  you  would  if  the  side  rod  or  back  pin  of  a  standard 
eight- wheeled  engine  broke.  In  other  words,  remove  both  the 
broken  side  rod  and  its  mate,  and  proceed  by  using  simply  the 
main  drivers. 

BBOKEN    TIHE    ON    FRONT    I>RIVFB. 

78.  If  the  tire  on  the  front  driver  of  an  Atlantic  type 
engine  should  break,  proceed  to  block  up  in  exactly  the  same 
manner  as  you  would  in  the  event  of  a  back  tire  on  an 
eight-wheeled  engine  breaking.  Unless  the  side  rod  or  front 
pin  is  so  injured  as  to  necessitate  the  removal  of  the  side  rods, 
they  may  remain  up,  but  the  driver  brake  must  be  cut  out. 


BROKEN    TIRE    ON    MAIN    I>Rrv:ER. 

79.  In  the  event  of  a  back  driving  tire  breaking  on  an 
Atlantic  type  engino,  proceed  as  you  would  in  the  case  of  a  tire 
breaking  on  a  main  driver  of  an  eight-wheeled  engine,  and 
block  up  as  shown  in  Fig.  39.  Care  should  also  be  taken  to 
see  that  the  driver  brake  is  cut  out. 


o 
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BBOICEN    TIKE    ON    THALLER    WHEEL. 

80,  When  the  tire  on  the  trailer  wheel  of  an  Atlantic  type 
engine  breaks,  it  is  necessary  to  swing  that  wheel  and  carry  it 
clear  of  the  rail;  then,  since  the  main  driver  is  so  far  forwards, 
some  means  must  be  provided  to  prevent  the  back  end  of  the 
engine  settling  on  that  side.  To  swing  the  wheel,  proceed  as 
follows:  Run  the  trailer  wheel  up  on  a  wedge  until  the  wheel 
is  raised  slightly  higher  than  its  normal  position.  Remove  the 
oil  cellar  and  fit  a  block  between  the  bottom  of  the  trailer  box 
and  the  pedestal  brace;  then  fit  a  block  in  place  of  the  oil  cellar 
so  as  to  carry  the  wheel  in  its  raised  position.  Next,  in  order  to 
relieve  the  box  of  the  weight  it  usually  carries,  pry  up  the  back 
end  of  the  equalizer  and  place  a  block  between  the  end  of  the 
equalizer  and  the  bottom  bar  of  the  frame,  as  shown  in  Fig.  40, 
so  as  to  hold  it  in  position.  The  weight  will  now  be  carried  by 
the  drivers,  and  as  there  is  a  long  overhang  on  that  side,  the 
back  end  of  the  engine  will  settle  considerably.  In  order  to 
hold  the  engine  in  position,  take  a  piece  of  tie  and  place  it  as 
far  back  in  the  cab  as  possible,  on  the  side  that  is  disabled, 
allowing  it  to  extend  over  on  to  the  deck  of  the  tank  a  short  dis- 
tance, as  is  shown  in  the  figure.  Next  pass  a  chain  around  the 
tail-piece  of  the  engine  and  around  the  tie,  and  after  raising 
the  back  comer  of  the  engine  slightly  higher  than  its  normal 
position  by  means  of  a  jack-screw,  hook  the  chain  as  tightly 
as  possible  and  wedge  between  the  chain  and  the  tie  to  prevent 
the  end  of  the  engine  settling  when  the  jack  is  removed.  If  a 
tie  cannot  be  obtained,  any  stout  bar  of  steel  or  iron  that  will 
stand  the  weight  that  will  be  thrown  upon  it  may  be  used. 
Before  proceeding,  cut  out  the  engine  brake. 

In  the  case  of  deckless  engines,  rest  the  tire  or  bar  of  iron 
in  the  firehole  opening  and  chain  as  above. 


BROKEX    FRONT    AXLE. 

81.  The  breaking  of  the  front  axle  of  an  Atlantic  type 
'^ngine  necessitates  the  taking  down  of  both  side  rods,  and 
also  the  main  rod  on  the  side  on  which  the  mishap  occurs, 
in  order  that  the  driver  may  be  dropped  out  of  the  way. 
Then  proceed  as  follows:     Jack  up  the  broken  end  of  the  axle 
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until  it  is  in  its  normal  position,  and  block  up  between  the 
bottom  of  the  box  and  the  pedestal  brace;  also,  place  a  block 
between  the  top  of  the  frame  and  the  spring  saddle  so  as  to 
take  the  weight  off  of  the  driving  box  and  place  it  on  the 
frame;  connect  up  the  main  rod  on  that  side  again,  cut  out 
the  driver  brake,  and  proceed  by  using  the  main  drivers.  Care 
must  be  taken  in  handling  the  throttle,  for  the  reason  that  the 
force  of  the  cylinders  is  exerted  on  one  pair  of  drivers  instead  of 
on  two,  and  the  drivers,  consequently,  are  very  apt  to  slip. 


BROKEN    MAnr    AXLE. 

82.  A  broken  main  axle  on  an  Atlantic  type  engine 
means  that  both  side  rods  and  the  main  rod  on  the  disabled 
side  will  have  to  come  down.  The  valve  stem  should  be 
disconnected  on  that  side  and  the  valve  clamped  in  mid- 
position;  also,  the  crosshead  should  be  securely  blocked,  noting 
if  the  moving  crosshead  on  the  other  side  will  clear  the  pin  on 
the  front  wheel.  After  the  main  driver  has  been  dropped  out  of 
the  way,  jack  up  the  broken  end  of  the  axle  and  block  it  up  as 
in  the  case  of  a  broken  axle  on  the  front  driver.  In  this  case, 
ako,  the  driver  brake  must  be  cut  out;  and  since  the  engine  is 
to  be  taken  in  by  the  aid  of  but  one  driver,  the  engine  must 
be  cut  loose  from  the  train  and  the  throttle  only  partly  opened, 
and  the  engine  must  be  run  light  in  this  condition. 


BROKEX    AXLE    OF    TRAILING    WHEEL. 

83.  When  the  axle  of  a  trailing  wheel  breaks  outside  the 
box,  proceed  in  exactly  the  same  manner  as  in  the  case  of  a 
broken  tire  on  that  wheel,  but  without  removing  the  cellar. 
It  will  be  necessary  to  jack  up  the  broken  axle  in  this  case, 
however,  as  it  cannot  be  raised  by  means  of  a  wedge,  since  the 
wheel  is  broken  off.  The  engine  brake  must  be  cut  out  in 
this  case  also. 

BROKEX    MAIN    DRIVING    SPRING. 

84.  Engine  llaving  Overliungr  B.\gging. — Should  a 
main  spring  or  hanger  of  an  Atlantic  type  engine  break,  run 
the  main  driver  up  on  a  wedge  so  as  to  relieve  the  springs,  and, 
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prying  up  the  back  end  of  the  front  equalizer,  place  a  block 
between  the  back  end  of  the  equalizer  and  the  bottom  rail  of 
the  frame,  as  shown  in  Fig.  41.  Then  pry  down  the  back 
end  of  the  back  equalizer  and  block  between  that  end  of  the 
equalizer  and  the  top  bar  of  the  frame,  as  shown;  this  will 
permit  of  the  use  of  the  front  and  back  springs.  Next,  run 
the  main  driver  oflP  the  wedge  and  the  front  driver  up  on  it, 
then  block  between  the  top  of  the  box  and  the  frame  so  as  to 
make  this  driver  carry  its  share  of  the  load.  All  the  broken 
parts  of  the  spring  and  hanger  should  be  removed  in  order  to 
prevent  their  causing  further  trouble. 

85.  Underliiing:  Bigrgringr. — In  the  event  of  the  main 
spring  or  hanger  on  an  underhung  spring  rigging  breaking, 
remove  the  broken  parts  in  order  to  avoid  further  trouble,  run 
the  main  driver  up  on  a  wedge  so  as  to  relieve  the  front  driver 
and  the  trailer  of  the  weight  they  carry,  then  prying  up  the 
back  end  of  the  front  equalizer  until  it  is  a  little  above  its 
normal  position,  chain  the  back  end  in  this  position,  as  shown 
in  Pig.  42;  next,  pry  up  the  front  end  of  the  back  equalizer 
until  it  is  slightly  above  its  normal  position  and  chain  it  in  this 
position.  Instead  of  chaining  up  the  back  end  of  the  front 
equalizer  and  the  front  end  of  the  back  equalizer,  as  shown  in 
Fig.  42,  the  front  end  of  the  front  equalizer  and  the  back  end  of 
the  back  equalizer  may  be  blocked  down  to  position  by  block- 
ing between  the  end  of  the  equalizer  and  the  bottom  bar  of  the 
frame.  This  will  allow  the  use  of  the  front  and  back  springs,  as 
in  the  previous  case.  After  blocking  the  equalizers  in  position, 
run  the  main  driver  oflf  the  wedge  and  the  front  driver  on  it, 
and  block  between  the  top  of  the  main  driving  box  and  the 
frame  so  that  the  main  driver  will  carry  its  share  of  the  load. 


BROKEN    FRONT    SPRING. 

86.  In  case  the  front  spring  should  break,  run  the  front 
driver  up  on  a  wedge  so  as  to  relieve  the  spring  rigging  as  much 
as  possible.  Next  pry  down  on  the  back  end  of  the  front 
equalizer  until  the  equalizer  is  level,  and  block  between  the 
front  end  of  this  equalizer  and  the  bottom  rail  of  the  frame. 
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This  cuts  out  the  broken  spring,  but  permits  of  the  use  of  the 
main  spring  and  the  trailer  spring.  Next  run  the  front  driver 
off  the  wedge  and  the  main  driver  on  it,  and  block  between  the 
top  of  the  front  driving  box  and  the  frame  so  as  to  give  that 
driver  its  share  of  the  load.  If  the  spring  rigging  is  underhung, 
proceed  in  exactly  the  same  manner,  only  in  this  case  the  front 
end  of  the  forward  equalizer  will  have  to  be  blocked  down. 


NORTHWESTERN  TYPE  ENGINE. 


BROKEN    SrOE    ROD    OR    FRONT    PIN. 

87.  On  an  engine  of  the  Northwestern  type,  if  the  side  rod 
or  front  pin  should  break,  proceed  in  exactly  the  same  manner 
as  you  would  in  the  event  of  a  similar  accident  happening  to  an 
Atlantic  type  engine. 

BROKEN    TIRE    ON    FRONT    DRIVER. 

88.  A  broken  tire  on  the  front  driver  of  a  Northwestern 
type  engine  should  be  handled  like  a  broken  tire  on  a  front 
driver  of  an  Atlantic  type  engine. 


BROKEN    TIRE    ON    MAIN    DRIVER. 

89.  In  the  event  of  the  tire  on  the  main  driver  of  a  North- 
western type  engine  breaking,  proceed  as  in  the  case  of  a  broken 
tire  on  a  main  driver  of  an  Atlantic  type  engine. 


BROKEN    TIRE    ON    TRAILER    WHEEL. 

90.  When  the  tire  of  the  trailer  wheel  of  a  Northwestern 
type  engine  breaks,  in  order  to  get  the  engine  to  the  shop  it  will 
be  necessary  to  raise  the  wheel  off  the  rail  and  carry  it  there 
after  relieving  it  of  the  weight  it  carried.  To  do  this  proceed 
as  follows:  Run  the  wheel  up  on  a  wedge,  remove  the  oil 
cellar  and  fit  a  block  of  hardwood  in  its  place  for  the  journal 
to  run  on,  and  put  waste  on  each  side  of  the  journal  and  saturate 
it  with  oil;  then  block  between  the  lower  side  of  the  box  and 
the  pedestal  brace,  as  shown  in  Fig.  43,  to  hold  the  wheel  in 
position.  This  blocking  will  carry  the  wheel  clear  of  the  rail, 
but  as  the  thimble  bolt  will  not  carry  the  weight  that  would 


cJ  Co 


''-H, 

-^ 


< 


TO 


£. 


a 


C 


o 


9 


/zr 


\ 


\ 


y 


"^ 


.0 


§9  BREAKDOWNS.  127 


thus  be  thrust  upon  it,  it  is  necessary  to  relieve  the  wheel  of  the 
weight  it  carries.  To  do  this  put  a  strong  chain  around  the  end 
of  the  cross-equalizer,  as  shown  in  Fig.  43,  and  chain  it  up  to 
the  frame,  or  else  block  below  that  end  of  the  cross-equalizer  in 
the  safety  hanger.  When  the  trailer  wheel  is  carried  ofif  the 
rail,  the  overhanging  weight  back  of  the  main  driver  throws 
considerable  strain  on  the  main  spring,  which  may  not  be  able 
to  carry  it.  In  order  to  protect  this  spring,  block  between  the 
top  of  the  main  driving  box  and  the  frame.  It  may  be  better 
to  carry  the  weight  of  the  back  end  of  the  engine  on  the  disabled 
side,  as  in  the  case  of  a  similar  accident  to  an  Atlantic  type 
engine,  which  was  previously  explained,  in  which  case  it  will 
be  unnecessary  to  block  between  the  rear  driving  box  and  the 
frame  to  protect  the  driving  spring.  When  a  trailer  wheel  is 
blocked  up  in  this  manner,  care  must  be  taken  when  rounding 
curves  to  prevent  the  good  trailer  wheel  from  dropping  oflP  the 
track;  if  the  curves  are  so  short  that  there  is  danger  of  this 
wheel  dropping  ofif  the  rail,  place  a  wedge  between  the  tender 
and  the  engine,  close  to  the  drawbar  on  the  disabled  side,  that 
is,  on  the  same  side  as  is  the  broken  tire.  This  wedge  should 
be  put  in  place  before  entering  the  curve,  so  as  to  make  a  rigid 
connection  between  the  tender  and  the  engine,  as  it  will  have  a 
tendency  to  crowd  the  flanged  wheel  against  the  rail.  Care 
must  be  taken,  also,  not  to  use  too  large  a  block,  as  it  will  have 
a  tendency  to  crowd  the  front  end  of  the  engine  or  the  rear  end 
of  the  tender  off  the  track.  A  better  method  of  preventing  the 
trailer  wheel  dropping  off  the  track  is  to  chain  the  back  end 
of  the  engine  frame  on  the  disabled  side  to  the  opposite  side 
of  the  tender. 

BROKSX    FRONT    DRIVING    AXIiS. 

91.  A  broken  front  driving  axle  on  a  Northwestern  type 
engine  should  be  handled  in  exactly  the  same  manner  as  a 
similar  accident  to  an  Atlantic  type  engine. 


BROKEN    MAIN    AXI.TC. 

92,     In  the  event  of  a  main  axle  breaking,  proceed  as  you 
would  if  the  main  axle  of  an  Atlantic  type  engine  should  break. 
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BBOKEN    TRATLBB    AXUS. 

93.  A  broken  trailer  axle  on  an  engine  of  the  North- 
weetem  type  should  be  handled  in  the  same  manner  as  a  similar 
accident  to  an  Atlantic  type  engine. 


BROICEX    FROXT    DRIVING    SPBING. 

94.  If  the  front  driving  spring  of  a  Northwestern  type 
engine  should  break,  run  the  front  driver  up  on  a  wedge  so  as  to 
make  that  driver  take  the  load  and  esse  the  tension  on  the  spring 
rigging,  and  then  pry  up  the  front  end  of  the  equalizer  nearest 
the  broken  spring  until  the  equalizer  is  in  its  normal  position; 
a  block  should  then  be  placed  either  between  the  front  end  of 
the  equalizer  and  the  lower  bar  of  the  frame  or  between  the 
back  end  of  the  equalizer  and  the  upper  bar  of  the  frame. 
This  method  of  blocking  gives  the  use  of  the  main  driving 
spring  and  the  trailer  spring.  Next  run  the  front  driver  oflf 
the  wedge  and  the  back  driver  up  on  it,  and  block  between  the 
top  of  the  driving  box  and  the  frame  so  as  to  make  the  front 
driver  carry  its  share  of  the  load.  Remove  the  broken  parts,  if 
they  are  liable  to  cause  trouble,  or  else  secure  them  so  that  they 
will  safely  ride  in  position. 


BBOKBX    MAIN    DRTVIXC    SPRING. 

95.  Should  the  main  driving  spring  break,  run  that 
driver  up  on  a  wedge  so  as  to  relieve  the  spring  rigging,  then 
pry  up  the  back  end  of  the  front  equalizer  and  block  between 
that  end  and  the  top  bar  of  the  frame;  also,  pry  down  the 
back  end  of  the  trailer-wheel  equalizer  on  that  side,  and  block 
between  this  end  of  the  equalizer  and  the  bottom  of  the  frame 
at  that  point.  Next,  run  the  main  driver  off  the  wedge  and 
the  front  driver  up  on  it,  and  block  between  the  top  of  the 
main  driving  box  and  the  frame  so  that  the  main  driver  will 
carry  its  share  of  the  load. 

BROKEN    TRAILER    SPRING. 

96.  Besides  the  usual  main  frames  of  the  engine,  the 
Northwestern  type  engine  has  a  short  supplemental  frame, 
marked  a,  Fig.  44,  also  Fig.  45.     This  frame  is  outside  of  the 
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main  tmme  and  is  secured  to  the  back  end  of  it  neai  the  fire- 
box. The  pedestal  jaws  of  the  trailer  wheel  are  of  heavy  cast 
steel,  and  are  bolted  to  the  outside  face  of  the  supplemental 
frame,  as  shown  in  the  figure.  Both  the  pedestal  jaws  and  the 
journal  box  of  the  trailer  wheel  are,  therefore,  outside  of 
the  supplemental  frame;  hence,  when  a  trailer  spring  breaks, 
the  weight  cannot  be  thrown  on  the  trailer  box  by  blocking 
between  the  top  of  the  box  and  the  supplemental  frame,  for 
the  reason  that  the  box  is  outside  of  the  frame;  consequently, 
other  means  must  be  adopted  for  making  the  trailer  box  carry 
^e  load. 

Whenever  the  trailer  spring  breaks,  first  remove  the  broken 
paria  to  avoid  further  trouble.    And  as  this  breakage  aUowe  the 


end  of  the  cross-equalizer  nearest  the  broken  spring  to  drop 
into  the  U-shaped  safety  hanger,  this  end  of  the  cross- equalizer 
must  be  jacked  info  position,  and,  J  neceseary,  blocked  there 
temporarily  by  placing  a  block  in  the  safety  hanger  below  it  to 
hold  the  cross-equalizer  in  position.  Next,  by  means  of  a 
jack  or  otherwise,  raise  the  back  end  of  the  engine  frame  on 
ihe  disabled  side  until  the  engine  rides  level;  then  use  a  tie, 
a  piece  of  steel  rail,  or  steel  bar,  or  anything  that  will  carry  the 
weight  that  is  usually  carried  by  the  trailer  spring,  and  with  it 
replace  the  broken  spring.  The  front  end  of  the  tie  (or 
whatever  is  used)  should  be  chained  to  the  end  of  the  cross- 
equalizer,  as  shown,  while  the  back  end  is  securely  chained  to 
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the  supplemental  frame  and  the  lower  hanger  pm.  After 
chaining  the  tie,  remove  the  block  from  the  safety  hanger 
below  the  cross-equalizer  so  as  to  throw  the  weight  on  the 
trailer  box.  This  method  of  blocking,  Fig.  44,  gives  the  use 
of  all  the  springs  on  the  engine  except  the  broken  one,  the 
engine  riding  rigidly  upon  that  trailer  wheel 


BItOKEN    TBAJLEB-SPBING   FRONT   HANGBB. 

97.  In  the  event  of  a  trailer-spring  front  hanger  breaking, 
and  no  other  damage  being  done  to  the  spring  or  the  other 
parts,  the  hanger  may  be  replaced  by  a  chain,  if  one  that  can 
be  used  is  at  hand.  To  do  this,  raise  the  back  end  of  the 
engine  on  the  broken  side,  by  means  of  a  jack,  so  as  to 
relieve  the  trailer  spring;  jack  up  the  end  of  the  cross-equalizer 
next  to  the  broken  hanger  and  block  below  it  in  the  safety 
hanger;  pry  down  the  front  end  of  the  trailer  spring,  and  then 
securely  chain  the  end  of  the  spring  to  the  end  of  the  cross- 
equalizer.  Remove  the  block  from  below  the  equalizer  in  the 
safety  hanger  so  as  to  allow  the  end  of  the  cross-equalizer  to 
have  free  play,  and  then  proceed. 


TSBOKKS   TRAILER-SPRING    BACK    HAXGBR. 

98*  If  the  back  hanger  of  a  trailer  spring  should  break, 
the  back  end  of  the  spring  may  be  secured  to  the  lower  hanger 
pin  by  means  of  a  chain,  the  chain  also  being  secured  to  the 
frame  in  such  a  way  as  to  prevent  its  working  off  the  hanger 
pin.  To  do  this  work,  raise  the  back  end  of  the  engine  on  the 
broken  side  with  a  jack  and  also  jack  up  the  end  of  the  cross- 
equalizer  on  the  broken  side  so  as  to  relieve  the  spring;  then 
pry  down  the  back  end  of  the  trailer  spring  and  chain  it  as  above. 


BROKEN    CROSS-EQUALIZER. 

99.  Should  a  cross-equalizer  on  a  Northwestern  type 
engine  break,  as  shown  in  Fig.  45,  it  will  allow  the  back  end  of 
the  engine  to  settle  down  on  that  side,  since  there  will  be  noth- 
ing there  to  support  the  front  end  of  the  trailer  spring.    In  order 
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to  block  up  for  a  break  of  this  kind,  raise  the  back  end  of  the 
engine  so  as  to  relieve  the  trailer  spring  as  much  as  possible. 
Then  jack  up  the  broken  end  of  the  cross-equalizer  until  it 
is  a  little  above  its  normal  position,  and  place  a  heavy 
bar,  that  will  carry  the  weight,  through  the  safety  hanger 
below  the  cross-equalizer,  as  shown  in  the  figure.  If  space 
is  still  left  between  the  bottom  of  this  bar  and  the  safety 
hanger,  block  up  with  a  piece  of  iron  that  will  hold  the  cross- 
equalizer  in  its  proper  position.  The  bar  of  iron  used  should 
extend  out  far  enough  to  enable  the  front  end  of  the  spring  to 
be  chained  to  it.  Next  block  between  this  bar  and  the  bottom 
of  the  outside  supplemental  frame,  as  shown  in  the  figure,  using 
a  long  hardwood  block  that  will  extend  from  the  broken  end  of 
the  cross-equalizer  beyond  the  spring  and  also  through  the 
safety  hanger,  as  shown.  Pry  down  the  front  end  of  the  trailer 
spring  and  chain  it  to  the  end  of  the  bar,  winding  the  chain 
around  the  block  and  bar;  also,  drive  wedges  between  the  sides 
of  the  block  and  the  safety  hanger  to  help  hold  the  block  in 
position.  Next  wrap  a  chain  around  the  end  of  the  bar  and 
the  cross-equalizer,  as  shown,  to  prevent  the  bar  working  from 
beneath  the  cross-equalizer;  if  necessary,  wedge  between  the 
chain  and  the  equalizer  to  tighten  the  chain.  The  brake  chain 
from  the  tender  brake  rigging  may  be  used  for  this  purpose,  if 
long  enough.  It  may  ajssist  matters,  also,  to  wedge  between  the 
temporary  bar  and  the  sides  of  the  safety  hanger,  as  by  this 
means  the  bar  will  be  prevented  from  moving  sidewise.  This 
method  of  blocking  will  carry  the  back  end  of  the  engine  in  its 
normal  position  and  will  give  the  use  of  the  trailer  spring. 


BROKEN    TRAII^EB   EQTTAUZBB. 

100.  If  Break  Occurs  In  Front  of  Folcnun. — When 
one  of  the  trailer  equalizers  breaks,  proceed  as  follows:  If  the 
equalizer  breaks  forwards  of  the  fulcrum,  as  in  Fig.  46,  raise 
the  back  end  of  the  engine  on  that  side  by  means  of  a  jack, 
or  otherwise;  then  pry  down  the  back  end  of  the  main  spring 
and  block  between  the  bottom  spring-hanger  pin  and  the 
frame.     The  back  hanger  is  made  in  two  pieces,  one  of  which 
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extends  on  either  side  of  the  frame  and  the  equalizer,  so  that 
blocking  will  be  held  very  nicely  between  the  bottom  hanger  pin 
and  the  frame.  Next  pry  down  the  end  of  the  cross-equalizer 
on  that  side  and  block  between  the  top  of  the  trailer  equalizer 
and  the  frame,  as  shown,  to  hold  this  end  of  the  cross- 
equalizer  in  position.  Care  should  be  taken  to  secure  the  free 
end  of  the  broken  equalizer  in  such  a  way  that  it  will  not  cause 
further  damage. 

101.     If  Break   Occurs   Back  of  Fulcrum. — If    the 

equalizer  breaks  back  of  the  equalizer  fulcrum,  jack  up  the  back 
end  of  the  engine  on  that  side,  pry  down  the  front  end  of  the 
trailer  equalizer,  and  block  between  the  top  of  that  end  of 
the  equalizer  and  the  bottom  of  the  frame;  then  pry  down  on 
the  cross-equalizer  until  it  is  in  its  normal  position,  and  block 
between  the  top  of  the  cross-equalizer  and  the  frame  through 
the  U-shaped  safety  hanger. 


BROKEN    INTERMEDIATE    EQUALIZER. 

102.  Probably  the  quickest  way  of  handling  a  broken 
intermediate  equalizer  on  a  Northwestern  type  engine  is  to  raise 
that  side  of  the  engine  by  means  of  jacks,  for  by  that  means 
the  tension  of  the  entire  spring  rigging  will  be  relieved.  Then 
pry  down  the  front  end  of  the  second  driving  spring  and  block 
between  the  lower  hanger  pin  and  the  top  rail  of  the  frame, 
as  shown  in  Fig.  47;  this  will  give  the  use  of  the  back  driving 
spring.  Next  pry  down  the  back  end  of  the  front  driving 
spring  and  block  between  the  bottom  hanger  pin  and  the  top 
rail  of  the  frame,  as  indicated  in  the  above  figure;  this  will  give 
the  use  of  the  front  driving  spring. 

Another  method  will  be  to  handle  the  accident  by  means  of 
wedges.  In  that  case,  run  the  front  driver  up  on  the  wedge  so  as 
to  relieve  the  spring  and  spring  rigging  of  the  back  driver,  and 
block  between  the  lower  hanger  pin  and  the  frame,  as  before. 
Next  run  the  front  driver  off  the  wedge  and  the  back  driver 
up  on  it  so  as  to  relieve  the  tension  of  the  front  driving  spring 
rigging,  and  pry  down  the  back  end  of  the  front  driving  spring; 
block  between  the  lower  hanger  pin  and  the  frame,  as  before. 
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TEI^-WHEEI-ED  ENGINES, 


BBOKBK   FROirr    SECTION    OF    SIDE    BOB. 

103.  In  the  event  of  a  front  section  of  the  side  rod  break- 
ing, it  will  be  necessary  to  take  down  all  the  side  rods,  if  the 
knuckle-joint  pin  is  in  the  back  section  and  back  of  the  main 
pin.  To  do  this  it  will  be  necessary  to  disconnect  the  back 
end  of  both  the  main  rods;  then  remove  the  side  rods,  and  con- 
nect up  the  main  rods  again,  and  proceed  by  using  but  one 
pair  of  drivers. 

BBOKBir    BACK    SBCTION    OF    SIDE    BOD. 

104.  In  case  the  back  section  of  the  side  rod  should  break, 
it  will  be  necessary  to  remove  both  that  section  and  its  mate 
on  the  opposite  side,  and  proceed  by  using  two  pairs  of  drivers. 


BBOKBN    FBONT    TIBE. 

105.  If  the  front  tire  of  a  ten- wheeled  engine  breaks,  run 
that  wheel  up  on  a  wedge  until  it  is  about  in  its  normal  position; 
then  remove  the  oil  cellar  and  block  between  the  bottom  of  the 
box  and  the  pedestal  brace;  then  in  place  of  the  oil  cellar  fit  a 
block  on  which  the  journal  can  be  carried.  Next  block  between 
the  top  of  the  frame  and  the  spring  saddle  to  relieve  the  box  of 
the  weight  it  carries.  If  the  rods  are  uninjured  they  need  not 
be  disconnected,  but  the  driver  brake  must  be  cut  out  of  service. 


BBOKEX    MATN^    TIBS. 

106.  Should  the  main  tire  break  and  no  further  damage  be 
done,  run  that  wheel  up  on  a  wedge  to  about  the  height  of  the 
tire;  then  block  below  the  bottom  of  the  box  and  pedestal 
brace,  and  in  place  of  the  oil  cellar,  as  shown  in  Fig.  48. 
Also,  block  between  the  top  of  the  frame  and  the  spring  saddle 
to  relieve  the  box  of  its  weight;  then  cut  out  the  driver  brake 
and  proceed* 
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BROILEN    BACK    TIRE    ON    TEN->V^HEELKD    ENGINE. 

107.  When  the  back  tire  on  a  ten- wheeled  engine  breaks, 
run  that  driver  up  on  a  wedge  until  it  is  about  the  thickness 
of  the  tire  above  the  rail;  then  so  block  between  the  bottom 
side  of  the  box  and  the  pedestal  brace,  and  in  place  of  the  oil 
cellar,  as  to  carry  the  journal;  also,  block  between  the  top 
of  the  frame  and  the  spring  saddle  so  as  to  relieve  that 
box  of  its  load.  Then  cut  the  driver  brake  out  of  service 
and  you  are  ready  to  proceed.  Of  course,  if  the  side  rod 
is  injured  so  that  it  should  be  removed,  its  mate,  also,  must 
come  down. 

If  the  spring  rigging  is  so  constructed  that  the  back  equalizer 
passes  over  and  rests  on  the  back  driving  box,  as  shown  in 
Fig.  49,  it  is  impossible  to  so  block  between  the  spring  saddle 
and  the  frame  as  to  throw  the  load  on  the  frame,  and,  conse- 
quently, it  will  be  necessary  to  block  between  the  back  end  of 
the  spring  that  is  in  front  of  the  wheel  between  the  bars  of 
the  frame,  as  shown,  so  as  to  make  the  frames  carry  the  load 
instead  of  the  box.  The  driver  brake  must  be  cut  out  also, 
as  in  previous  cases.  If  the  back  end  of  the  engine  settles  con- 
sideral)ly  when  blocked  up  in  this  way,  raise  that  end,  and 
block  between  the  main  driving  box  and  the  frame  in  order 
to  make  the  engine  rigid  on  that  box.  Also,  it  may  be  neces- 
sary to  chain  up  the  back  end  of  the  engine  as  shown  in  Pig.  40. 


BROKEN    AXI^E    ON    FRONT    I>RIVER. 

108.  In  cases  where  the  front  driving  axle  breaks  outside 
the  driving  box,  and  no  other  damage  is  done,  it  will  be  neces- 
sary to  take  down  all  the  side  rods,  if  the  knuckle-joint  pin  is 
in  the  back  section  of  the  side  rod.  After  removing  the  front 
driver,  jack  up  the  broken  end  of  the  front  axle  to  its  normal 
position  and  block  between  the  l^ottom  of  the  box  and  the 
pedestal  brace.  Next  block  l)etween  the  top  of  the  frame  and 
the  spring  saddle,  so  as  to  relieve  the  box  of  the  weight  it 
carried.  Cut  out  the  driver  brake  and  then  proceed,  using  the 
main  drivers  only. 


§9  BREAKDOWNS.  137 

BROKEN    AXLE    ON    MAIK    DRIVER. 

109.  It  is  bard  to  say  what  damage  will  result  in  case  the 
main  driving  axle  breaks  outside  the  journal  box;  however,  if 
no  serious  damage  is  done  to  the  other  parts,  proceed  as 
follows:  Take  down  all  side  rods  and  the  main  rod  on  that 
side  of  the  engine;  disconnect  the  valve  rod  on  that  side  and 
clamp  the  valve  in  the  center  of  its  seat  so  as  to  block  the 
steam  ports  to  the  cylinder;  block  the  crosshead  securely,  and 
open  the  cylinder  cock  back  of  the  piston;  next  jack  the 
broken  end  of  the  main  axle  into  position  and  block  as  in 
the  case  of  a  broken  main  tire,  without  removing  the  cellar; 
then  cut  out  the  driver  brake  and,  cutting  off  the  engine 
from  the  train,  proceed  with  the  lone  engine,  using  the  one 
driver  that  is  connected  up.  Care  must  be  taken  in  handling 
the  throttle,  however,  so  as  to  avoid  slipping  the  driver  and 
catching  on  the  center.  An  engine  in  this  condition  should 
be  run  very  carefully  on  curves. 


BROKEN  AXLE  ON  BACK  DRIVER. 

no.  If  no  serious  damage  is  done  to  the  other  parts  of  the 
engine  when  the  axle  of  the  back  driver  breaks,  remove  the 
back  section  of  the  side  rod  and  its  mate,  cut  out  the  driver 
brake  as  in  previous  cases,  jack  up  tlie  broken  end  of  the  back 
driving  axle,  and  block  as  in  case  of  a  broken  back  tire,  without 
removing  the  cellar.  If  the  middle  driver  is  fiangeless,  that  is, 
if  it  has  a  blind  tire,  it  will  be  necessary  to  fasten  a  chain 
around  the  tail-piece  of  the  engine  frame  on  the  disabled  side 
and  pass  it  across  to  the  opposite  side,  securing  it  to  the  front 
corner  of  the  tender  frame  and  wedging  it  there  as  tightly  as 
possible  so  as  to  crowd  the  flange  of  the  wheel  against  the  rail. 
If  the  engine  is  to  be  run  backwards,  and  there  are  sharp  curves 
to  pass,  you  can,  in  addition  to  using  the  chain,  employ  a 
wedge  between  the  tender  and  the  engine  at  such  times  as  the 
flanged  wheel  is  on  the  inside  of  a  curve.  However,  care 
should  be  taken  not  to  get  the  wedge  in  too  tight,  as  it  will 
have  a  tendency  to  crowd  the  rear  end  of  the  tender  from  the 
track. 
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BROKEN    FRONT    DRTVTNG    SPRING. 

111.  In  the  event  of  the  front  driving  spring  breaking,  run 
the  front  driver  up  on  a  wedge,  so  as  to  relieve  the  tension  of  the 
springs,  and  then  pry  the  front  end  of  the  front  equalizer  up  and 
block  between  that  end  of  this  equalizer  and  the  lower  part  of 
the  frame.  Next  run  the  driver  off  the  wedge,  and,  running  the 
second  driver  up  on  it,  block  between  the  top  of  the  front  drivmg 
box  and  the  frame  so  as  to  make  the  front  driver  carrj  its  share 
of  the  load.  This  will  permit  the  use  of  the  main  driving  and 
back  driving  springs,  but  the  engine  will  be  rigid  on  the  front 
driver  on  the  disabled  side. 


BROKEN    MAIN    DRIVING    SPRING. 

112.  Overhuiig  Rl^^ln^.  —  When  the  main  spring 
breaks,  run  the  front  and  back  drivers  on  that  side  up  on  wedges 
so  as  to  raise  the  frame  sufficiently  high  above  the  main  driving 
box  to  permit  the  insertion  between  the  top  of  the  box  and  the 
frame  of  a  wedge  of  the  proper  thickness  to  make  that  driver 
carry  its  share  of  the  load.  Next  run  the  two  drivers  off  the 
wedges  and  run  the  main  driver  up  on  one,  so  as  to  relieve  the 
-tension  of  the  spring  rigging  as  much  as  possible;  then  pry  up 
the  back  end  of  the  front  equalizer  until  it  is  in  position 
and  block  between  this  end  and  the  lower  rail  of  the  frame,  as 
shown  in  Fig.  50.  Next  pry  up  the  front  end  of  the  back 
equalizer  into  position  and  block  between  the  front  end  of  this 
equalizer  and  the  top  of  the  frame.  Then  block  between  the 
top  of  the  main  driving  box  and  the  frame  so  as  to  put  some  of 
the  weight  on  the  driver.  This  will  permit  the  use  of  the  front 
and  back  driving  springs,  but  the  engine  will  ride  rigidly  on  the 
main  driver,  the  box  of  which  should  be  liberally  oiled. 

113.  Underliun^  Rlgri^ln^. — Should  the  main  spring 
break  on  an  engine  having  underhung  rigging,  proceed  as  you 
would  in  the  case  of  the  main  spring  breaking  on  an  engine 
with  overhung  rigging.  The  only  difference  is  that  it  will  be 
necessary  to  chain  the  back  end  of  the  front  equalizer  and  the 
front  end  of  the  back  equalizer   to  the  frames,  as   shown   in 
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Fig.  51.  Instead  of  using  chains,  you  can,  if  you  wish,  block 
down  the  front  end  of  the  front  equalizer  and  the  back  end  of 
the  back  equalizer  so  as  to  hold  the  equalizers  in  position. 


BROKISN    BACK   DRTVTXG    SPRING. 

114.  Overliungr  Rl^gfin^. — In  case  the  back  spring 
should  break,  run  that  driver  up  on  a  wedge  so  as  to  relieve  the 
spring  rigging,  then  pry  up  on  the  back  end  of  the  equalizer 
until  it  is  in  position,  and  block  between  that  end  of  the 
equalizer  and  the  top  rail  of  the  frame.  This  will  give  you 
the  use  of  the  main  and  front  driving  springs.  Then  run 
the  back  driver  off  the  wedge  and  the  main  driver  up  on  it,  and 
place  a  block  of  sufficient  thickness  between  the  back  driving 
box  and  the  frame  to  cause  that  driver  to  carry  its  share  of 
the  load. 

115.  Underhung  Rigging. — If  on  an  engine  having 
underhung  rigging  the  back  spring  should  break,  run  that 
wheel  up  on  a  wedge  in  order  to  relieve  the  spring  rigging; 
then  pry  up  the  back  end  of  the  back  equalizer  until  it  is  in 
position  and  chain  it  there,  or  else  block  between  the  bottom  of 
the  frame  and  the  top  of  the  front  end  of  the  equalizer  to  hold 
the  equalizer  in  position.  This  will  give  the  use  of  the  main 
spring  and  the  front  driving  spring.  Next  run  the  wheel  off  the 
wedge,  and  running  the  main  driver  up  on  it,  block  between 
the  top  of  the  back  driving  box  and  frame  so  as  to  cause  that 
driver  to  carry  its  share  of  the  weight. 


BROKEN    SPRING    OR    SPRING    HANGER    ON    TRUCK   OF  TEN- 

WUEELED    ENGINE. 

116,  When  a  truck  spring  or  truck-spring  hanger  breaks 
on  a  ten-wheeled  engine,  place  a  block  between  the  top  of  each 
of  the  front  driving  boxes  and  the  frame  to  take  up  any  play 
that  may  be  there.  Then  run  the  front  drivers  up  on  wedges  so 
as  to  take  the  weight  off  the  truck.  Care  should  be  taken, 
however,  not  to  raise  the  engine  so  high  as  to  lift  the  main 
wheels  off  the  rails,  for  in  that  case  the  edges  of  the  cellar 
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may  mar  the  surface  of  the  main  journal.  Next,  pry  up  the 
engine-truck  frame  on  the  broken  side  until  it  is  level  with  the 
opposite  side,  and  place  blocks  between  the  top  of  the  truck 
equalizer  and  the  under  side  of  the  truck  frame,  as  shown  in 
Fig.  52,  so  as  to  carry  it  level.  The  engine  may  then  be  run  oflf 
the  wedges  and  the  blocks  removed  from  the  top  of  the  front 
driving  boxes;  the  engine  is  then  ready  to  proceed. 


BROKEN    TRUCK    EQUAXIZKR. 

117.  Should  one  of  the  truck  equalizers  break,  place  a 
block  between  the  top  of  the  front  driving  boxes  and  the  frame, 
as  before,  and  run  the  front  drivers  up  on  wedges  in  order  to 
take  the  weight  off  the  truck;  then  remove  the  spring  and 
broken  equalizer,  and  place,  on  top  of  the  truck  boxes,  blocks  of 
wood  of  the  proper  thickness  to  carry  the  truck  level.  Then, 
having  run  the  front  drivers  off  the  wedges,  and  removed  the 
blocks  from  above  the  front  driving  boxes,  the  engine  is  ready 
to  proceed. 


CONSOIilDATION  ENGUTB. 


BROKEN    FRONT    SECTION    OF    SIDE    ROD. 

118.  If  the  front  section  of  the  side  rod  on  a  consolidation 
engine  should  break,  and  no  other  damage  be  done,  remove  the 
broken  section  and  its  mate.  If  the  front  crankpin  does  not  clear 
the  crosshead  key,  cut  off  the  end  of  the  key.  If  the  pin  does 
not  clear  the  crosshead  and  guides,  the  front  driver  will  have  to 
be  swung  clear  of  the  rail  and  carried  that  way,  with  the  pins 
up  to  clear  the  travel  of  the  crosshead.  To  do  this,  the  wheels 
must  be  run  up  on  wedges  to  the  desired  height,  and  blocks 
placed  between  the  bottom  of  the  driving  boxes  and  pedestal 
brace,  so  as  to  carry  the  wheels  in  position ;  also,  block  between 
the  top  of  the  frame  and  the  spring  saddle  on  both  sides  so  as  to 
relieve  the  front  drivers  of  their  load.  The  drivers  must  then 
be  secured  in  such  a  way  as  will  prevent  their  turning. 
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BROKEN    MIDDLE    SECTION    OF    SIDE    BOD. 

119.  In  the  event  of  the  middle  section  of  the  side  rod 
breaking,  it  will  be  necessary  to  take  down  all  the  side  rods. 
If  it  is  found  that  the  front  craiikpin  will  not  clear  the  cross- 
head  key  or  the  crosshead,  swing  the  wheel  in  the  manner 
described  in  the  preceding  article.  With  all  the  side  rods 
down,  only  the  main  drivers  will  be  in  service,  and  it  will  be 
necessary  to  exercise  care  in  opening  the  throttle. 


BROKEN    BACK    SECTION    OF    SIDE    BOD. 

120.  If  when  the  back  section  of  a  side  rod  breaks  no 
other  damage  is  done,  it  will  only  be  necessary  to  remove  that 
section  and  its  mate.  Then  proceed,  using  the  other  sets 
of  drivers. 

BROKEN    TIRE    ON    FRONT    DRIVING    WHEEL. 

121.  When  the  tire  on  a  front  driver  of  a  consolidation 
engine  breaks,  if  no  other  damage  is  done,  run  that  wheel  up  on 
a  wedge  about  the  height  of  the  tire,  and  fit  one  block  in  place 
of  the  cellar  and  another  below  the  driving  box,  as  shown  in 
Pig.  63.  Then  block  between  the  top  of  the  frame  and  the 
spring  saddle  in  order  to  relieve  that  driving  box  of  the  weight 
it  carried.  This  method  of  blocking  will  permit  of  the  use  of 
all  springs. 

If  the  second  pair  of  drivers  are  flangeless,  care  must  be  exer- 
cised in  rounding  curves  to  prevent  that  pair  of  drivers  leaving 
the  track,  as  on  short  curves  the  truck  may  swing  the  front  end 
of  the  engine  far  enough  to  allow  the  wheels  with  the  blind 
tires  to  drop  off  the  rails.  The  driver  brake  should  be  cut 
out,  and  if  the  front  section  of  the  side  rod  is  not  damaged 
sufficiently  to  cause  its  removal,  it  may  remain  up. 


BROKEN    TIRE    ON    SECOND    DRIVER. 

122.  Should  the  tire  on  the  second  driver  of  a  consolidation 
engine  break,  run  that  wheel  up  on  a  wedge  about  the  thickness 
of  the  tire,  and  block  as  shown  in  Fig.  54.  This  gives  the  use 
of  all  the  springs,  which  is  an  advantage.  Cut  out  the  driver 
brake  and  proceed. 
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It  will  not  be  necessary  to  take  down  the  side  rods  unless 
they  are  damaged  in  such  a  way  as  to  require  their  removal. 
In  the  event  of  the  middle  section  being  injured,  all  the  side 
rods  will  have  to  come  down  and  the  driver  brake  must  be  cut 
out  entirely,  the  engine  being  brought  in  by  means  of  the  main 
drivers  only.  In  the  event  of  the  side  rods  coming  down,  care 
should  be  taken  to  see  that  the  front  crankpin  clears  the  cross- 
head  sufficiently  to  be  safe;  if  it  does  not,  that  set  of  wheels 
should  be  swung  as  previously  explained. 


BROICEN    TIRE    ON    THIRD,    OR    MAIN,    DRIVER. 

123.  In  case  the  tire  on  the  main  driver  breaks,  if  no 
other  damage  is  done,  run  that  driver  up  on  a  wedge  until  it  is 
about  the  thickness  of  the  tire  above  the  rail,  then  block  it  in 
this  position,  as  shown  in  Fig.  66.  Also  block  between  the  top 
of  the  frame  and  the  spring  saddle,  as  shown.  By  this  means 
all  the  springs  are  in  use.  Cut  out  the  driver  brake,  but 
do  not  take  down  the  side  rods  unless  they  are  so  injured  as 
to  require  it. 

BROKEN    TIRE    ON    BACK    DRIVER, 

124.  If  no  other  damage  is  done,  whenever  the  back  tire 
breaks,  run  that  wheel  up  on  a  wedge  and  block  as  indicated 
in  Fig.  66.  Then  cut  out  the  driver  brake,  as  in  previous 
cases,  and  proceed.  However,  should  the  second  and  main 
tires  be  blind,  chain  around  the  tail-piece  of  the  engine  frame 
on  the  disabled  side  and  pass  the  chain  up  and  across  to  the 
opposite  side  and  secure  it  to  the  front  comer  of  the  tender 
frame-  wedging  it  there  as  tightly  as  possible,  so  as  to  cause  it 
to  crowa  the  flange  of  the  rear  driver  against  the  rail.  In  this 
event,  the  engine  should  be  run  cautiously,  especially  on  curves 
and  through  frogs  and  switches. 


BROKEN    FRONT    DRIVING    AXL.E. 

126.  When  the  front  driving  axle  breaks  outside  of  the 
driving  box,  it  is  necessary  to  remove  the  front  section  of  side 
rods.  When  an  engine  is  fitted  with  the  alligator  type  of 
crosshead,  it  is  a  rather   difficult  matter   to  dispose   of  the 
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driver  that  is  broken.  To  do  this,  remove  the  main  rod 
on  the  disabled  side  and  push  the  crosshead  forwards  in  order 
to  give  as  much  space  as  possible  between  the  guide  yoke  and 
the  end  of  the  crosshead,  and  thus  allow  more  freedom  in 
working  the  wheel  out  of  the  way.  To  assist  in  disposing  of 
the  wheel,  cut  off  the  ends  of  two  or  three  ties  and  dig  below 
them,  so  that  when  the  wheel  is  pried  off  the  rail  and  allowed 
to  drop  into  the  hole,  it  can  be  worked  out  from  under  the 
guides.  After  the  wheel  is  removed,  jack  up  the  broken  end 
of  the  axle  until  it  is  in  its  usual  position,  and  then  block 
between  the  bottom  of  the  driving  box  and  pedestal  brace, 
so  as  to  carry  the  box  in  this  position,  and  block  between  the 
top  of  the  frame  and  the  spring  saddle  in  order  to  relieve 
the  box  of  its  weight.  Cut  out  the  driver  brake  and  connect 
up  the  main  rod  again  on  the  disabled  side  of  the  engine. 

If  the  crankpin  on  the  opposite  side  does  not  clear  the  cross- 
head,  the  wheel  should  be  swung  clear  of  the  track  and  carried 
there  with  the  pin  on  the  top  quarter,  and  the  wheel  should  be 
secured  in  this  position  so  that  it  cannot  turn.  If  the  second 
and  third  drivers  are  fitted  with  blind  tires,  great  care  must  be 
taken  when  going  around  curves  in  order  that  the  wheels  with 
the  blind  tires  may  not  drop  off  the  rails. 


BBOKSK    AXT.H    OUT    SECONI>    DRIVING    WiUflEI.. 

126.  In  case  the  axle  on  the  second  driver  breaks  outside 
of  the  box,  it  will  be  necessary  to  remove  all  side  rods.  Remove 
the  main  rod  on  the  disabled  side  so  as  to  make  it  easier  to 
remove  the  driver,  after  which  the  main  rod  may  be  connected 
up  again.  Before  doing  this,  however,  jack  the  broken  end  of 
the  axle  into  position  and  block  between  the  bottom  of  the 
box  and  the  pedestal  brace  to  hold  the  axle  in  this  position; 
also,  block  between  the  top  of  the  frame  and  the  spring  saddle 
to  relieve  the  box  of  its  load.  The  driver  brake  should  be 
cut  out. 

If  this  pair  of  drivers  is  fitted  with  blind  tires  having  no 
collars  on  the  axle,  it  will  be  necessary  to  also  swing  the  wheel 
on  the  opposite  side,  as  otherwise  there  will  be  nothing  to  keep 
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that  wheel  on  the  rail.  The  wheel  may  be  Bwung  up  and 
carried  as  already  described,  and  it  should  be  firmly  chained  to 
prevent  its  working  out  far  enough  for  the  crankpin  to  catch 
the  main  rod  and  thus  cause  further  damage.  The  engine  may 
then  proceed  by  using  the  main  drivers  only. 


BBOKBN    THIRD,   OB   MAIK,   AXI^B. 

127.  In  case  the  third,  or  main,  driving  axle  breaks,  it  is 
hard  to  say  just  how  much  damage  will  result.  Should  no 
other  damage  be  done,  however,  all  the  side  rods  and  the  main 
rod  on  the  disabled  side  must  be  taken  down.  Block  the  cross- 
head  securely,  disconnect  the  valve  rod,  and  clamp  the  valve 
in  mid-position  so  as  to  cover  the  steam  ports  to  the  cylinder, 
then  remove  the  broken-oflf  wheel,  jack  up  the  broken  end  of 
the  journal  to  position,  and  block  below  the  bottom  of  the 
box  and  the  pedestal  brace,  in  order  to  carry  the  journal 
in  this  position.  Also,  block  between  the  top  of  the  frame 
and  the  spring  saddle,  to  relieve  the  box  of  the  weight  it 
carried.  If  the  main  wheels  have  blind  tires  and  no  collar 
on  the  axle,  it  will  be  necessary  also  to  swing  the  main  wheel 
on  the  opposite  side.  To  do  this,  remove  the  main  rod  on  the 
other  side  of  the  engine  and  clamp  the  valve  in  mid-position  on 
its  seat;  then  raise  the  driver  until  the  box  is  at  the  top  of  the 
jaws  and  block  it  in  this  position,  as  already  described;  then 
chain  the  wheel  securely  to  the  frame,  so  as  to  prevent  it 
working  out.  In  this  case  both  the  main  drivers  are  out  of 
service  and  it  will  be  necessary  to  have  the  engine  towed  to 
the  shop.  If  time  is  valuable  and  it  is  an  object  to  clear 
the  main  line  as  soon  as  possible,  the  eccentrics  and  links 
may  be  left  up  and  the  engine  must  be  run  or  towed  carefully 
in  order  to  avoid  further  damage.  As  in  all  other  cases  of 
broken  axle,  the  driver  brake  must  be  cut  out  of  service. 

On  many  engines,  the  eccentrics  are  placed  on  the  second 
driving  axle  while  the  main  rod  is  connected  to  the  third  pair 
of  drivers.  In  this  case,  anything  that  will  cause  the  side  rods 
to  be  taken  down  will  render  the  engine  entirely  helpless  and  it 
wilj  have  to  be  towed  to  the  shop. 
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BROKEN    BACK    I>RIVTNG    AXI.E. 

128.  When  the  back  driving  axle  breaks,  if  no  other 
damage  is  done,  remove  both  back  sections  of  the  side  rods, 
jack  the  broken  end  of  the  journal  up  level  and  fasten  it  there 
by  blocking  between  the  bottom  of  the  box  and  the  pedestal 
brace,  as  has  been  described  in  previous  articles. 

If  the  firebox  extends  over  the  frame  and  the  springs  between 
the  pedestal  jaws  under  the  top  frame  rail,  pry  up  the  back  end 
of  the  spring  as  high  as  possible,  and  block  it  there,  even  if  it  is 
necessary  to  disconnect  the  front  end  of  the  back  equalizer  to  do 
so.  If  the  springs  and  equalizers  are  above  the  frame,  the 
block  should  be  placed  between  the  top  of  the  frame  and 
the  spring  saddle;  the  object  in  both  cases  is  to  relieve  the 
box  of  the  weight  it  carries.  Should  the  second  and  third 
drivers  have  blind  tires,  it  will  be  necessary  to  chain  around  the 
tail-piece  of  the  engine  frame  on  the  disabled  side,  and  then 
pass  the  chain  across  to  the  opposite  side  and  secure  it  to  the 
front  comer  of  the  tender  frame,  wedging  it  there  as  tightly 
as  possible,  so  as  to  crowd  the  engine  over  against  the  flanged 
driver.  Before  proceeding,  cut  out  the  driver  brake  and  run 
cautiously,  especially  on  curves,  and  look  out  that  the  flange 
does  not  lead  into  frogs  and  switches. 

In  running  backwards,  if  it  is  necessary  to  go  around  very 
sharp  curves,  it  may  be  well  to  use  a  wedge  in  addition  to  the 
chain  already  mentioned;  the  wedge  being  placed  between  the 
tank  and  the  engine  at  such  times  as  the  flanged  wheel  is  on 
the  inside  of  the  curve.  Care  must  be  taken,  however,  not  to 
get  the  wedge  in  too  tight,  as  that  will  have  a  tendency  to  crowd 
the  tender  off  the  track. 

BROKEN    FRONT    DRIVING    SPRING. 

129.  In  case  of  a  broken  front  driving  spring  on  an  engine 
having  a  spring  rigging  like  that  shown  in  Fig.  57,  the  cross- 
equalizer  will  drop  down  on  the  frames;  in  that  event,  jack  up 
the  back  end  of  the  long  truck  equalizer  and  block  between  the 
top  of  the  frame  and  the  bottom  of  the  cross-equalizer  on  the 
end  next  to  the  broken  spring,  so  as  to  hold  the  back  end  of 
the  truck  equalizer  in  ita  proper  position.     Next  run  the  second 
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driver  up  on  a  wedge  to  raise  the  frame  to  its  proper  height 
above  the  front  driving  box,  and  block  between  the  top  of  the 
front  driving  box  and  the  frame  in  order  to  make  the  front 
driver  carry  its  share  of  the  load. 


BROKBX    SECOND    DRIVING    SPRING. 

130.  Whenever  the  second  driving  spring  breaks,  place  a 
block  between  the  top  of  the  front  driving  box  and  the  frame, 
as  shown  in  Fig.  58,  so  as  to  take  up  the  play,  and  run  this 
driver  up  on  a  wedge  sufficiently  high  to  raise  the  frame  the 
proper  height  above  the  second  driving  box;  then  block 
between  the  top  of  the  second  driving  box  and  the  frame  so 
as  to  make  the  second  driver  carry  its  share  of  the  weight. 
Next  pry  up  the  front  end  of  the  front  equalizer  to  its  normal 
position  and  block  between  this  end  and  the  frame  in  order 
to  hold  it  in  that  position.  This  will  permit  of  the  use  of  all 
the  springs  except  the  broken  one,  and  the  engine  will  ride 
rigidly  on  the  second  driver  on  the  disabled  side.  The 
front  driver  should  be  run  off  the  wedge  and  the  block 
removed  from  between  its  driving  box  and  the  top  frame 
before  proceeding. 

BROKEN  CROSS-SPRING  ON  BROOKS  CONSOLIDATION  ENGINE. 

13  !•  A  broken  cross-spring  on  a  Brooks  consolidation 
engine  will  allow  the  front  end  of  the  engine  to  settle  upon  the 
driving  boxes  until  the  pilot  rests  on  the  rails;  also,  a  greater 
strain  will  be  thrown  on  the  springs  and  journals  back  of  the 
broken  spring,  which  will  have  a  tendency  to  cause  the  journals 
to  heat.  To  block  up  for  an  accident  of  this  kind,  proceed  as 
follows:  First  block  on  top  of  the  pony-truck  frame  hangers 
directly  under  the  frame  of  the  engine,  then  run  the  truck 
wheels  up  on  wedges  sufficiently  high  to  level  the  engine;  next, 
place  a  block  between  the  top  of  each  front  driving  box  and  the 
frame  so  as  to  carry  the  engine  rigidly  on  the  front  drivers; 
then  run  the  truck  wheels  off  the  wedges  and  run  the  front 
driving  wheels  up  on  thinner  ones,  so  as  to  permit  the  removal 
of  the  blocks  from  between  the  pony-truck  frame  bangers  and 
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the  engine  frame;  jack  up  the  back  end  of  the  truck  equalizer 
sufficiently  high  to  put  a  portion  of  the  weight  of  the  engine  on 
the  truck,  and  chain  it  in  position  to  a  short  piece  of  rail  or  a 
tie  placed  across  the  top  of  the  frames  in  such  a  position  as  not 
to  rest  on  the  brake  cylinders.  The  front  wheel  may  then  be 
run  oflf  the  wedges  and  the  engine  is  ready  to  proceed,  the 
weight  of  the  front  end  of  the  engine  being  carried  on  the  front 
driving  wheels  and  the  trucks,  as  before  the  cross-spring  was 
broken.  The  equalizer  extending  from  the  guide  yoke  to  the 
back  end  of  the  truck  equalizer  will  not  require  any  attention, 
as  it  will  carry  on  the  guide  yoke  and  front  hangers,  or  connect- 
ing bar,  between  the  driving  brake  cylinders;  the  brake  rigging 
should  be  disconnected  before  the  engine  is  raised,  but  it  may 
be  connected  up  again  and  can  be  used  with  safety. 


BROKKN    IX>NG    TRITCK    BQITALIZSB. 

132.  In  the  event  of  a  long  truck  equalizer  on  a  consolida- 
tion engine  breaking,  proceed  in  exactly  the  same  manner  as 
when  that  equalizer  breaks  on  a  mogul  engine,  as  explained  in 

Art  72.  

BROKEN  FRONT  PIN  OF  TRUCK  EQUALJZSR. 

133.  In  the  event  of  the  front  pin  of  the  long  truck 
equalizer  breaking,  proceed  as  you  would  in  the  case  of  this 
pin  breaking' on  a  mogul  engine,  as  described  in  Art.  75* 


Compound  Locomotives. 


DESCRIFriON,  OPERATIOIf,  AND 

OPERATING. 


GBNERAIi  DISCUSSION. 


DEFINITIONS. 

!•  A  coiiix>ouiid  engrine  is  one  in  which  steam  is  first 
admitted  to  one  cylinder  and  expanded,  after  which  it  is 
exhausted  into  another  and  larger  cylinder,  in  which  it  acts  on 
a  second  piston,  and  is  expanded  again;  the  steam  is  thus 
expanded  more  than  it  would  be  if  used  in  but  one  cylinder. 
The  smaller  cylinder  into  which  the  steam  is  first  admitted  is 
called  the  high-pressure  cylinder,  since  it  is  operated  by 
high-pressure  steam  direct  from  the  boiler.  The  steam  that  is 
admitted  to  the  second  or  larger  cylinder  has  had  its  pressure 
reduced  considerably  by  expansion;  hence,  the  larger  cylinder 
is  called  the  low-pressure  cylinder  on  account  of  its  being 
operated  by  steam  of  a  lower  pressure  than  that  used  in  the 
smaller  cylinder.  An  engine  that  has  only  one  cylinder  in 
which  to  expand  the  steam  is  said  to  be  a  slng^le-expanslon, 
or  simple,  engine.  The  ordinary  standard  locomotive  con- 
sists of  two  simple  engines.  An  engine  that  has  two  cylinders 
in  which  to  expand  the  steam,  one  of  which  discharges  into 
the  other,  is  said  to  be  a  double-expansion,  or  compound, 
engine.  Some  engines  have  three  or  even  four  cylinders,  in 
which  the  steam  is  expanded  as  many  times  as  there  are 
cylinders;   but,  while  these,  strictly   speaking,  are  compound 
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engines,  they  are  not  called  by  that  name,  but  are  distin- 
guished from  the  double-expansion  engine  by  the  names 
triple  exparurion  and  quadruple  expansion^  respectively,  common 
usage  applying  the  name  of  compound  to  the  double-expansion 
engine  only. 

DIFFERKNCK    BETWEEN    COMPOUND    AND    SIMPLE 

LOCOMOTIVES. 

2,  Compound  locomotives  as  used  in  this  country  are  of 
the  double-expansion  types,  and  have  either  two  or  four 
cylinders,  depending  on  the  make  of  the  locomotive.  Those 
of  the  two-cylinder  type  have  a  cylinder  placed  on  either  side, 
like  a  simple  locomotive,  the  high-pressure  cylinder  exhaust 
passage  being  connected  to  the  low-pressure  cylinder  steam 
chest  by  means  of  a  receiver  placed  in  the  extended  front 
end.  Those  of  the  four-cylinder  type  have  a  compound  engine 
on  either  side;  that  is,  there  is  a  high-pressure  and  a  low-pres- 
sure cylinder  on  each  side  of  the  locomotive,  the  two  cylinders 
on  a  side  being  connected  by  the  proper  passages  made  in 
the  cylinder  saddle.  The  general  construction  of  a  compound 
locomotive  is  practically  the  same  as  that  of  a  standard  simple 
locomotive;  in  the  four-cylinder  types,  however,  there  is  a 
difference  in  the  arrangement  of  the  cylinders,  pistons,  cross- 
heads,  and  valves;  but  the  boiler,  frames,  truck  wheels,  driving 
wheels,  and  valve  gear  are  the  same  as  those  of  a  simple 
locomotive. 

ADVANTAGES    OF    THE    COMPOUND. 

3.  Adaptability   to    DlfTerent    Classes    oi    Service. 

The  advantages  of  the  compound  over  the  simple  engine  depend 
to  a  considerable  extent  on  the  class  of  service;  in  general,  the 
greatest  economy  will  be  obtained  when  the  work  is  hardest 
and  most  constant,  and  the  speed  moderate.  As,  the  load 
decreases  and  the  speed  increases,  the  economy  of  the  com- 
pound decreases,  until,  at  a  point  approaching  light  road  service 
and  high  speed,  the  compound  will  show  no  economy  over 
the  simple  engine.  The  compound  will  probably  show  to  the 
best  advantage  in  heavy  service  on  level  divisions  where  the 
engine  can  be  loaded  to  its  most  economical  point  on  both 
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out- trips  and  in-tripe.  Compounds,  as  a  rule,  do  not  ** drift" 
as  easily  as  simple  engines;  when  running  on  a  down  grade 
with  steam  shut  off,  the  pistons  (especially  the  low-pres- 
sure pistons)  act  as  air  compressors,  which  send  a  strong  jet 
of  air  through  the  stack,  thus  producing  a  draft  through  the 
fire  at  a  time  when  no  steam  land  practically  no  draft  is 
required.  The  consequence  is  that  considerable  coal  is  wasted 
while  drifting,  and  the  economy  of  compounds  is  reduced  con- 
siderably at  such  times.  It  is  due  to  this  loss  while  drifting 
that  a  compound  ^'s  not  as  economical  on  hilly  as  on  level 
divisions.  Another  reason  is  that  an  engine  can  only  save  coal 
during  the  time  coal  is  being  used,  so  that,  if  steam  is  worked 
throughout  the  whole  run  on  both  the  in-trips  and  out-trips, 
the  compound  will  make  a  better  showing  than  it  will  if  steam 
is  only  worked  during  a  part  of  each  trip. 

The  compound  is  advantageous  in  heavy,  fast  passenger 
service  also,  and  especially  so  on  the  very  fast  trains.  The 
probable  reason  for  this  is  that  such  service  requires  so  much 
power  that  the  boiler  of  the  simple  engine  is  overtaxed,  and, 
to  supply  the  necessary  steam,  it  must  work  at  a  very  wasteful 
rate  of  combustion;  whereas  the  compound,  which  requires  less 
steam  to  do  the  work,  generates  steam  at  a  much  less  rate — 
hence  with  greater  economy. 

4.  Other  Advantagres. — In  addition  to  the  saving  of 
fuel,  the  compound  •  has  other  advantages  over  the  simple 
engine.  Since  it  does  its  work  with  less  steam  than  the  simple 
engine,  it  necessarily  must  use  less  coal  and  less  water.  The 
saving  in  water  is  a  very  decided  advantage,  especially  in 
localities  where  the  supply  of  water  is  limited  or  where  the 
water  is  bad.  On  account  of  using  less  water  than  the  simple 
engine,  it  is  often  possible  for  a  compound  to  make  a  longer 
run  between  supplies — to  avoid  taking  bad  water  that  would 
cause  foaming.  Also,  by  using  the  good  water  only,  less 
sediment  will  collect  in  the  boiler,  which  will  steam  more 
freely,  and  the  boiler  can  be  run  for  a  longer  period  of  time 
without  being  washed  out.  Further,  with  a  given  quality  of 
water,  good  or  bad,  the  amount  of  sediment  in  the  boiler  of  a 
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compound  locomotive  will  be  less  than  in  the  boiler  of  a  simple 
one,  because  the  compound  uses  less  steam  in  doing  the  same 
amount  of  work. 

6«  The  compound  has  still  another  advantage  over  the 
simple  locomotive,  because  in  times  of  emergency  it  can  be 
made  to  increase  its  (compound)  tractive  force  25  to  30 
per  cent.  In  general  practice  it  is  customary  to  make  this 
maximum  tractive  power  of  compound  (when  working  as  such) 
and  of  simple  locomotives  about  22  per  cent,  of  the  adhesive 
weight  (the  weight  on  the  rails  under  the  drivers),  in  order 
that  all  weather  and  rail  conditions  may  be  met  without 
causing  excessive  slipj)ing.  The  maximum  tractive  force  of 
the  simple  engine  cannot  be  varied,  but  that  of  the  compound 
can.  The  tractive  force  of  some  compounds  is  increased  by 
admitting  live  steam  at  a  reduced  pressul'e  inAo  the  low- 
pressure  cylinders;  while  in  other  types  of  compounds  it  is 
increased  by  converting  the  locomotive  into  a  simple  loco- 
motive for  the  time  being,  the  high-pressure  exhaust  going 
directly  to  the  atmosphere,  and  live  steam  at  a  reduced  pres- 
sure being  admitted  to  the  low-pressure  cylinder.  This,  in 
some  cases,  will  increase  the  power  of  the  locomotive  25  or  30 
per  cent  Of  course,  this  increased  power  is  not  to  be  used 
under  ordinary  conditions,  but  only  in  emergencies,  such  as  in 
starting  a  very  heavy  train,  or  when  in  danger  of  stalling  on  a 
grade.  It  is  found  that  the  adhesion  between  the  drivers 
and  the  rails  increases  considerably  under  certain  conditions 
to  such  an  extent  that  the  tractive  power  can  be  run  up  to 
30  per  cent.,  or  more,  of  the  adhesive  weight  without  danger  of 
slipping  the  wheels,  a  gain  of  8  per  cent.  At  such  times  the 
compound  can  utilize  its  reserve  power,  and  will  thus  be  able  to 
haul  a  load  during  that  time  that  would  stall  a  corresponding 
simple  engine. 

HOW    ECONOMY    IS    EFFBCTED. 

6.  Object  of  Compounding. — The  principal  object  in 
compounding  locomotives  is  to  effect  a  saving^  In  ftiel;  to  do 
this,  the  compound  must  use  less  coal  than  a  simple  locomo- 
tive doing  the  same  work.      The   economy  of  the  compound 
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locomotive  is  due,  first,  to  the  higher  steam  pressures  that  can 
be  used  advantageously;  second,  to  reduced  cylinder  conden- 
sation; thirdy  to  greater  expansion  of  the  steam,  the  initial 
pressure  often  being  200  pounds,  while  the  exhaust  steam 
escapes  at  a  pressure  that  is  only  sufficient  to  maintain  a  proper 
draft  through  the  fire;  and/aurtA,  to  a  slower  rate  of  combustion 
in  the  firebox.  Of  course,  since  the  compound  and  simple  loco- 
motives are  being  compared  for  fael  economy,  everything 
that  will  effect  that  economy  must  be  considered;  in  other 
words,  both  the  boiler  and  engine  must  be  considered. 

7.  High  Pressures. — Both  the  size  and  the  weight  of  the 
simple  locomotive  have  been  increased  greatly  within  the  last 
few  years,  and  the  construction  and  quality  of  the  material  used 
have  been  improved  so  as  to  permit  the  use  of  steam  at  higher 
pressures.  This  has  had  the  result  of  raising  the  pressure  from 
120  or  130  pounds  to  180  or  220  pounds;  but,  owing  to  the 
limitations  of  its  stroke,  cut-o£F,  and  rate  of  expansion, 
the  simple  engine  is  unable  to  fully  realize  the  advantages  of 
pressures  above  that  amount.  In  iact,  it  is  found  in  practice 
that  the  economy  of  a  simple  engine  using  steam  at  180  pounds 
is  as  great  as,  if  not  greater  than,  when  using  steam  at  200 
pounds.  Of  course,  increasing  the  boiler  pressure  increases  the 
power  of  an  engine,  but,  on  the  other  hand,  since  the  rate  of 
expansion  remains  the  same,  the  pressure  at  which  the  exhaust 
steam  escapes  to  the  atmosphere,  and  also  the  back  pressure 
in  the  cylinders,  increases  also;  hence,  the  amount  of  heat 
wasted  increases  with  the  pressure,  so  that  no  advantage  is 
gained  by  increasing  the  pressure  above  a  certain  point.  If 
greater  expansion  could  be  obtained  without  increasing  the 
cylinder  condensation,  greater  economy  would  result,  but  this 
is  not  possible  with  the  simple  engine. 

8.  Cylinder  Condensation. — With  compound  locomo- 
tives, it  is  possible  to  use  pressures  of  200  pounds  or  more,  and  to 
reduce  both  the  cylinder  condensation  and  the  exhaust  pressure; 
hence,  greater  economy  can  be  obtained  with  compounds  by 
using  steam  of  higher  pressure.  Condensation  is  less,  for  the 
reason  that  the  steam  is  expanded  in  two  cylinders  instead  of  in 
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one,  as  in  the  simple  engine;  hence,  the  range  of  pressure 
and  consequent  range  of  temperature  in  either  cylinder  of  the 
compound  is  very  much  less  than  it  is  in  the  cylinder  of  a 
simple  engine.  The  amount  of  condensation  that  will  take 
place  depends  on  the  difference  between  the  temperature  of  the 
cylinder  walls  at  admission  and  the  temperature  of  the  entering 
steam;  and,  since  this  difference  is  very  much  less  in  the  com- 
pound than  in  the  simple  engine,  it  follows  that  the  condensa- 
tion will  be  less  in  the  compound.  With  a  cross-over  compound, 
the  steam  in  passing  from  one  cylinder  to  the  other  goes 
through  the  receiver  which  is  enclosed  in  the  smoke  arch,  and 
the  high  temperature  there  tends  to  reheat  the  steam. 

9.  Increased  Expansion. — The  reduction  in  the  exhaust 
pressure  is  brought  about  by  expanding  the  steam  considerably 
more  than  is  done  in  the  simple  engine.  The  exhaust  pressure 
of  a  simple  engine  using  high-pressure  steam  is  so  high  as  to  be 
very  wasteful,  whereas  the  exhaust  pressure  of  a  compound 
is  no  higher  than  is  necessary  to  maintain  the  proper  draft 
through  the  fire.  The  high  exhaust  pressure  of  the  simple 
engine  represents  a  waste  of  considerable  power;  the  com- 
pound, on  the  other  hand,  by  expanding  the  steam  to  a  much 
lower  pressure,  saves  a  great  deal  of  power  that  is  wasted  in  the 
simple  engine;  therefore,  it  can  do  the  work  with  less  steam 
and  will  require  less  coal  and  water. 

10.  SloTver  Kate  of  Combustion. — Assume  two  loco- 
motives, one  simple  and  the  other  compound,  but  both  of  the 
same  size  and  type:  The  boilers  will  have  equal  beating  and 
grate  surfaces,  and  should  therefore  be  equally  economical  for 
like  rates  of  combustion;  but  owing  to  its  increased  rate  of 
expansion  and  decreased  cylinder  condensation,  the  compound 
engine  requires  less  steam  than  the  simple  engine,  and  its  rate 
of  combustion  will  be  less.  This  not  only  means  that  the  com- 
pound locomotive  requires  less  coal,  but  that  the  coal  used  is 
burned  at  a  slower,  and  consequently  more  economical,  rate. 
A  number  of  experiments  conducted  by  Prof.  W.  F.  M.  Goss,  of 
Purdue  University,  demonstrated  that,  when  coal  (Brazil  block) 
was  burned  at  the  rate  of  50  pounds  per  square  foot  of  grate 


§10  COMPOUND  LOCOMOTIVES.  7 

surface  per  hour,  8^  pounds  of  water  were  evaporated  for  each 
pound  of  coal  used;  while,  when  the  rate  was  increased  to  180 
pounds  of  coal  per  square  foot  of  grate,  only  5J  pounds  of  water 
were  evaporated  per  pound  of  coal — ^a  loss  of  about  35.3  per 
cent.  Strictly  speaking,  the  above  relationship  between  the 
water  evaporated  and  the  coal  burned  applies  to  the  boiler 
from  which  the  relationship  was  determined,  but  all  locomotive 
boilers  may  be  expected  to  give  the  same  general  result;  that  is, 
the  valves  may  vary  some,  but  they  will  be  in  the  same  general 
proportion. 

11,  Milder  Bxliaust. — The  milder  exhaust  of  the  com- 
pound is  in  several  respects  more  advantageous  than  the 
stronger  exhaust  of  a  simple  locomotive.  In  the  first  place, 
the  heating  surfaces  of  the  boiler  absorb  heat  from  the  gaseous 
products  of  combustion  as  they  pass  on  their  way  to  the  stack, 
and  the  slower  the  velocity  of  the  gases,  the  greater  will  be  the 
amount  of  heat  surrendered,  and  the  less  will  be  the  amount 
.carried  away  as  waste  heat;  hence,  the  milder  exhaust  and 
slower  rate  of  combustion  of  the  compound  cause  more  of  the 
heat  of  the  gases  to  be  delivered  to  the  water,  and  less  to  be 
lost  in  the  waste  gases.  Also,  a  thinner  fire  can  be  carried, 
which  still  further  insures  better  combustion. 

There  is  still  another  advantage,  in  that  less  unconsumed 
fuel  is  carried  through  the  tubes  into  the  smokebox,  and  thence 
out  of  the  stack.  This  not  only  represents  an  actual  saving  in 
fuel,  but  also  greatly  diminishes  the  chances  of  fires  along  the 
roadwa}',  due  to  live  sparks  alighting  on  inflammable  material. 
In  some  experiments  conducted  by  Professor  Goss,  it  was  found 
that,  while  the  rate  of  combustion  for  a  simple  locomotive  was 
varied  from  64  to  241  pounds  of  coal  per  square  foot  of  grate 
surface,  the  spark  losses  ranged  between  4.3  and  15.5  per  cent, 
of  the  coal  fired. 

BEGREE    OF    ECONOMY    EFFECTED. 

12,  It  can  no  longer  be  doubted  that  the  compound  loco- 
motive, when  assigned  to  the  proper  class  of  service,  is  much 
more  economical,  both  in  fuel  and  in  water,  than  the  simple 
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locomotive  in  the  same  service.  Carefully  kept  records  of  com- 
petitive long-service  tests  in  both  passenger  and  freight  service — 
during  which  compound  and  simple  locomotives  were  compared 
that  were  as  nearly  alike  in  weight,  boiler  capacity,  steam  pres- 
sure, and  general  design  as  possible— show  that,  in  the  right 
class  of  service,  compound  locomotives,  when  properly  handled, 
effect  a  saving  in  fuel  of  from  15  to  25  per  cent,  and  a  saving 
in  water  of  about  15  per  cent  Many  long-service  tests  on  dif- 
ferent roads  throughout  the  country  seem  to  show  that  the  cost 
of  running  repairs  of  the  latest  improved  types  of  compounds 
is  nearly,  if  not  quite,  as  low  as  the  running  repairs  of  simple 
engines  in  the  same  service.  For  instance,  the  cost  of  running 
repairs,  together  with  the  mileage  made  between  April  1,  1897, 
and  September  30,  1898,  for  compound  and  simple  locomotives 
on  the  Northern  Pacific  Railway,  is  shown  in  the  following 
table.*  The  last  column  on  the  right  show?  the  average  cost 
of  repairs  per  1,000  gross- ton-miles. 


COST    OF    RirNNING    REPAIRS. 


LocomotlTes 

LocumotlTe 
Miles. 

OruBS-Ton- 

Miles. 

Repairs  per 

Locomotiye 

Mile. 

1 

Repairs 

per  l,000-Gr(MB- 

Ton-Milea. 

Coraponnd  A  . 
Compound  B . 
Compound  C . 
Compound  D. 
Simple  507  .  . 
Simple  520  .  . 
Simple  566  .  . 

• 

•  • 
«      • 

•  • 

•  • 

•  « 

56,886 
60,234 
54,497 
51,248 
52,915 
a3,234 
52,738 

42,146,900 
49,070,628 
42,404,236 
40,544,306 
31,400,344 
38,163,393 
34,612,835 

$  .0161 
.0154 
.0154 
.0121 
.0166 
.0120 
.0184 

1  .0217 
.0182 
.0198 
.0153 
.0280 
.0198 
.0284 

EARLY    FAILURES. 

13,  Considerable  trouble  was  experienced  with  some  of  the 
earlier  forms  of  compounds;  the  cost  of  maintenance  was  not 
only  higher  than  that  of  a  simple  engine,  but  the  liability  of 
the  compound  to  failure,  on  account  of  breaking  down,  made 
its  performance  unsatisfactory.    The  failures,  however,  were  not 


*  Edwin  M.  Herr,  Proceedings  of  the  Western  Railway  Club. 
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generally  due  to  trouble  with  the  purely  compound  features — 
namely,  the  intercepting  and  separate  exhaust  valves  (when 
present),  the  receiver  in  the  two-cylinder  type,  and  the  large 
low-pressure  cylinder — but  were  due  to  trouble  with  parts  that 
are  common  to  both  simple  and  compound  locomotives.  That 
is,  most  cases  of  failure  were  due  to  broken  frames,  cylinders, 
piston  rods,  or  valve  gear,  or  to  unequal  wear  on  the  two  sides 
of  the  engine,  or  to  cut  or  badly  worn  high-pressure  steam 
valves.  These  defects  in  the  compound  were  clearly  charge- 
able to  faulty  design,  poor  construction,  or  improper  care  in 
maintenance,  and  by  studying  the  causes  of  failure  and  remedy- 
ing such  defects  aa  developed  during  operation,  the  weak  places 
have  gradually  been  strengthened  until  at  the  present  time  the 
cost  of  running  repairs  is  quite  satisfactory. 


PROMnrENT    TYPES. 

14.  Tlie  Different  Systems. — There  are  only  two  types 
of  compounds  that  are  used  to  any  extent  in  this  country; 
namely,  the  four-cylinder  compound  and  the  two- 
cylinder  compound.  Of  the  four-cylinder  compounds,  there 
is  only  one  system — namely,  the  Baldwin  (Vauclain) — that  is 
used  to  any  extent,  although  there  are  four-cylinder  compounds 
in  use  which  have  the  cylinders  on  each  side  arranged  in 
tandem  and  the  pistons  attached  to  the  same  piston  rod.  The 
principal  two-cylinder  types  in  use  are  the  Richmond,  the 
Schenectady,  the  Pittsburg,  and  the  Rhode  Island.  There  is 
also  the  Baldwin  two-cylinder  type. 

15.  Baldwin  (Vauclain). — This  compound  is  known  as 
the  Vauclain  compound,  so  called  after  its  inventor,  Mr.  Samuel 
M.  Vauclain.  It  has  two  cylinders — one  low  pressure  and  one 
high  pressure — on  each  side,  arranged  one  above  the  other  in 
the  same  vertical  plane,  and  it  is  called  a  non-receiver,  or 
continuous-expansion,  compound,  from  the  fact  that  each 
high-pressure  cylinder  exhausts  directly  into  the  low-pressure 
cylinder  that  is  on  the  same  side  of  this  engine.  The  area  of 
the  low-pressure  piston  is  about  three  times  that  of  the  high- 
pressure  piston. 
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Bcddmn  Two- Cylinder. — This  compound,  only  recently  intro- 
duced, is  provided  with  an  intercepting  and  a  separate  exhaust 
valve,  and  is  of  the  cross-compound  automatic  type. 

16.  Rlcliinond  (Mellin). — This  compound  was  invented 
by  Mr.  C.  J.  Mellin.  It  has  two  cylinders,  one  on  either  side, 
the  exhaust  passage  from  the  high-pressure  cylinder  being  con- 
nected with  the  steamway  to  the  low-pressure  cylinder  by 
means  of  a  large  reservoir  or  receiver  placed  in  the  smokebox. 
In  other  words,  the  high-pressure  exhaust  steam  must  cross 
over  from  one  side  to  the  other  in  passing  from  the  high- 
pressure  into  the  low-pressure  cylinder;  hence  this  type  is  often 
called  a  cross-over,  or  cross-compound,  type.  It  is  also 
often  called  a  receiver  compound,  to  distinguish  it  from  types 
that  have  no  receiver.  This  system  has  an  Intercepting: 
valve  in  the  cylinder  saddle,  and  is  provided  with  a  separate 
exhaust  passage  for  the  high-pressure  cylinder  exhaust,  for  use 
during  the  time  the  engine  is  working  simple.  It  is  known  as 
an  automatic  system  for  the  reason  that,  when  starting  com- 
pound, the  intercepting  and  reducing  valves  automatically  move 
to  simple  position  for  a  revolution  or  two,  or  until  the  receiver  is 
charged  to  pressure,  when  they  automatically  return  to  com- 
pound position.  The  area  of  the  low-pressure  piston  is  about 
two  and  one-half  times  that  of  the  high-pressure  piston. 

The  capacity  of  the  receiver  used  in  cross-compound  loco- 
motives varies  with  the  make  of  the  locomotive.  It  is  based 
on  the  capacity  of  the  high-pressure  cylinder,  and  in  some 
makes  it  has  from  two  to  three  times  the  capacity  of  that  cyl- 
inder, while  in  others  it  has  from  three  to  four  times  the 
capacity.  Generally,  large  receivers  give  less  variation  in 
receiver  pressure,  and  hence  are  conducive  to  economy;  but  for 
good  working,  the  receiver  capacity  should  not  be  less  than 
twice  the  capacity  of  the  high-pressure  cylinder. 

17.  Schenectady  (Pitkin). — The  Schenectady  com- 
pound, invented  by  Mr.  A.  J.  Pitkin,  is  also  of  the  two-cylinder 
cross-compound  type;  it  has  an  intercepting  valve,  and  is  provided 
with  a  separate  exhaust  port  for  the  exhaust  of  the  high-pres- 
sure steam  during  the  time  the  engine  is  working  simple.     Tlie 
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Schenectady,  like  the  Richmond,  is  automatic  in  its  action,  and 
ita  iow-preesure  piston  has  about  two  and  one-half  times  the 
area  of  the  high-pressure  piston. 

18.  Pittsburg:  (Colvln). — This  compound  is  also  of  the 
croBB-compound  type,  and  has  an  intercepting  valve  and  a 
separate  exhaust  passage  for  the  high-pressure  exhaust.  It  is 
strictly  non-automatic,  however;  that  ia,  the  intercepting  valve 
must  be  moved  from  one  position  to  another  by  the  engineer, 

19.  Rhode  Island. — This  compound,  designed  by  Chas. 
H.  Batchellor,  is  also  of  the  croas-compound  type  similar  to 
those  just  described. 

BALDWIN    (VAUCLAIN)    8TSTEM. 


UESCRIPTIOT*. 

20.  General  Arrangrement. — The  Tauclaln  Com- 
pound locomotive  consists  of  two  compound  engines,  one  on 
either  side;  the  two  cylinders  A  and  B,  the  valve  chamber  C, 
and  a  half  saddle,  being  cast  in  one  piece  (Figs.  1  and  2).  The 
arrangement  of  the  cylinders  and   valve  bush  in  the  saddle 
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depends  on  the  size  of  the  driving  wheels,  as  with  small  wheels 
the  large,  low-pressure  cylinder  would  strike  the  ground.  In 
such  cases  this  cylinder  is  placed  above.  In  eight-  and  ten- 
wheeled  locomotives  having  large  drivers  the  arrangement  used 
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will  be  that  shown  in  Fig.  1;  in  mogul,  consolidation,  and 
decapod  locomotives,  the  arrangement  will  be  that  shown  in 
Fig.  2.  It  will  be  observed  that,  whatever  the  arrangement, 
the  one  cylinder  is  directly  above  the  other — their  center  lines 
being  in  the  same  vertical  plane — and  the  valve  chamber  C, 
which  takes  the  place  of  the  steam  chest,  is  situated  between 
the  cylinders  and  the  smokebox,  as  close  to  the  cylinders  as 
convenient,  in  order  that  the  steamways  leading  to  the  cylin- 
ders may  be  as  short  as  possible.     The  smaller  cylinder  A  is 
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called  the  blgh-pressure  cylinder,  for  the  reason  that  steam 
is  admitted  to  it  directly  from  the  boiler  and  at  nearly  boiler 
pressure.  The  steam  is  allowed  to  expand  in  this  cylinder, 
thereby  having  its  pressure  reduced  to  a  greater  or  less  extent, 
and  is  then  discharged  into  the  larger  cylinder  5,  called  the 
low-pressure  cylinder,  on  account  of  its  being  operated  by 
steam  of  much  lower  pressure  than  that  used  in  the  cylinder  A, 
The  steam  is  expanded  still  farther  in  the  low-pressure  cylin- 
der, and  is  then  discharged  into  the  atmosphere  through  the 
exhaust  in  the  usual  manner. 
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The  piatons  that  operate  within  th«  two  cylinders  are  con- 
nected to  the  same  crosehead,  an  illustration  of  which  is  given 
in  Fig.  3.  The  piston  roda  r  and  q  are  made  of  equal  diameter, 
and  with  a  shoulder  »  on  the  crosshead  end  to  prevent  the  rod 
from  heing  forced  into  the  crosshead;  also,  by  the  use  of  this 
shoulder,  the  end  that  enters  the  crosshead  can  be  made  of 
equal  diameter  with  the  body  of  the  rod,  thus  greatly  strength- 
ening the  rod  at  the  crosshead.  The  holes  made  in  the  cross- 
head  to  receive  the  piston-rod  ends  are  tapered  to  insure  a 
perfect  fit,  and  are  bored  in  such  a  manner  as  to  insure  the 
rods  being  perfectly  parallel  to  each  other.  The  rods  are  secured 
to  the  crosshead  by  means  of  large  nuts  n,  n,  and  these,  in 
turn,  are  prevented  from  coming  loose  by  taper  keys  through 
the  ends  of  the  rods. 

21.  The  Piston  Valves. — The  valve  used  to  distribute 
the  ateao)  to  the  cylindere  is  of  the  piston  type,  and  works 
within  the  valve  chamber  C.  In  reality,  it  is  a  double  valve, 
and,  by  its  peculiar  construction  (being  hollow),  is  enabled  to 
do  the  work  of  two  valves;  that  is,  it  controls  the  admission  of 
steam  to,  and  the  exhaust  of  steam  from,  both  the  high-  and  the 
low-pressure  cylinders.    A  perspective  view  of  this  piston  valve 
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is  given  in  Fig.  4,  Fig.  5  being  a  crosa-sectional  view  of  the 
valve  in  the  valve  chamber,  showing  the  interior  of  the  valve 
and  the  cavities  in  the  casting  Burrounding  the  valve  bush.  As 
will  be  seen,  the  valve  is  fitted  with  two  jiairs  of  cast-iron  pack- 
ing rings  at  either  end,  which  constitute  the  edges  of  the  valve. 
The  rings  on  the  outer  heads  a  and  d  control  the  admission  of 
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Bteam  to,  and  the  exhauBt  of  steam  from,  the  high- pressure 
cylinder,  while  the  rings  on  the  heada  ft  and  c  perform  the  same 
duties  for  the  low-pressure  cylinder.  The  two  end  heads  a  and 
d,  Fig.  5,  are  made  solid,  while  the  two  inner  heads  ft  and  c, 
together  with  that  part  of  the  valve  between  them,  are  hollow 


and  are  secured  to  the  outer  heads  by  several  ribs  e.  The 
slots/,/  between  the  heads  a,  ft  and  c,  dare  thus  connected 
through  the  inner  cavity  oi  the  valve  V.  The  valve  stem  p 
passes  clear  through  the  valve  and  is  held  in  position  by  the 
shoulder  t  and  the  nut  n. 

22.  Movement  of  Piston  Valve. — When  the  cylinderB 
are  arranged  as  in  Fig.  1,  with  the  low-pressure  cylinder  under- 
neath, a  rocker  is  used  to  transmit  the  motion  of  the  eccentrics 


to  the  valve;  but  when  the  low-pressure  cylinder  is  on  top,  as 
in  Fig.  2,  the  upper  bar  of  the  frame  prevents  the  use  of  a 
rocker,  and  the  valve  gear  must  then  be  made  direct-acting. 
The  method  used  to  transmit  the  motion  of  the  ecc^itrics  to 
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the  valve,  when  a  double  front  rail  is  used,  cousiBts  of  a  small 
crosefaead  and  guides,  Fig.  6,  together  with  a  valve  atem  that 
connects  the  valve  with  the  crosshead,  and  a  valve  rod  to  con- 
nect the  croBshead  with  the  link.  A  later  design  employs  a 
rocker-arm,  which  does  not  reverse  the  motion  of  the  valve  in 
relation  to  the  link  block,  and  usee  a  tranamissioo  bar.  When 
a  direct-acting  valve  mechanism  is  used,  the  eccentrics  must  be 
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placed  on  the  driving  axle  as  shown  in  Pig.  7  (a),  view  (6) 
showing  the  position  of  the  eccentrics  on  the  driving  axle 
relative  to  the  main  pin  when  an  indirect  motion  is  used.     It 
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will  be  noticed,  view  (a),  that  with  a  direct  motion  the  eccentric 
rods  are  crossed  when  the  engine  is  on  the  iorward  center,  and 
the  rod  of  the  upper  eccentric  iB  connected  to  the  bottom  of  the 
link;  with  an  indirect  motion,  however,  the  rods  are  not  crossed, 
and  the  said  rod  is  connected  to  the  top  of  the  link. 

23.  Talve  Bnsblng. — In  order  that  the  eteam  may  be 
properly  distributed  to  the  eteam  cylinders,  it  is  necessary  thnt 
the  port  openings  in  the  steam  chest  (valve  chamber  C)  be 


ne.1. 
machined  accurately  to  the  required  sizes.  Now,  since  it 
would  be  both  difficult  and  costly  to  machine  the  passages  in 
the  cylinder  castings  themselves,  they  are  made  larger  than 
required  for  the  finished  ports,  and  the  steam  chest  is  bored  out 
sufficiently  lai^er  in  diameter  than  the  diameter  of  the  valve  to 
permit  the  use  of  a  bushing  similar  to  that  shown  in  Fig.  8. 
This  bushing  is  made  of  hard  cast  iron,  and  is  forced  into  the 
steam  chest  under  pressure,  so  as  to  make  steam-tight  joints 
between  the  ports,  thus  preventing  leakage  of  steam  from  one 
steam  passage  to  another.  All  the  ports  in  the  bushing  can  be 
machined  with  great  accuracy,  so  that  a  uniform  distribution  of 
steam  is  made  to  the  cylinders  under  all  conditions. 

24.  Steam  Chest. — In  Fig.  9  is  shown  a  perspective  view 
of  the  cylinders  and  saddle  of  a  Vauclain  compound,  in  which 
a  section  through  the  steam  chest  and  high-  and  low-pressure 
cylinders  is  taken  on  the  dotted  lines  xy,  Fig,  1,  the  upper 
part  being  removed  to  show  the  interior  of  the  steam  chest  and 
cylinders.  Fis  the  piston  valve,  v  its  stem,  R  and  Q  the  high- 
pressure  and  low-pressure  pistons,  respectively,  and  r  and  g 
their  rods.     As  will  be  seen,  there  are  a  number  of  ohamberB 
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cast  in  the  saddle  that  extend  completely  around  the  valve 
bushing.  The  steam  pipe  E  connects  with  a  steamway  (in  the 
cylinder  saddle)  that  divides  into  two  branches;  the  end  of  one 
branch  forms  chamber  g,  while  the  end  of  the  other  forms 
chamber  i,  both  of  which  surround  the  valve  bush.  Steam 
pipe  D  supplies  steam  to  the  right-hand  cylinders.  Chamber  k 
is  the  steam- chest  end  of  the  steam  passage  w  that  leads  to  the 
front  end  of  the  high-pressure  cylinder  A,  while  chamber  h  is 
the  end  of  the  other  steam  passage  z  that  leads  to  the  back  end 
of  the  cylinder.  The  chambers  j  and  i  are  the  steam-chest 
ends  of  the  steam  passages  y  and  z  that  lead  to  the  front  and 
back  ends,  respectively,  of  the  low-pressure  cylinder  B,  Cham- 
ber S  forms  the  steam-chest  end  of  the  exhaust  steamway  (in 
the  cylinder  saddle)  that  leads  to,  and  connects  with,  the 
exhaust  pipes  P.  It  will  thus  be  seen  that  steam  from  the 
boiler  enters  the  steam  chest  through  the  end  cavities  g  and  i, 
so  that,  when  the  throttle  is  open,  the  two  ends  of  the  steam 
chest  are  filled  with  steam.  Also,  it  will  be  seen  that  the 
steam  must  pass  from  the  steam  chest  through  chamber  k  or 
chamber  h  in  order  to  get  into  the  front  or  back  ends  of  the 
high-pressure  cylinder,  respectively.  Also,  for  steam  to  enter 
the  front  or  back  ends  of  the  low-pressure  cylinder,  it  must  pass 
through  chamber  j  or  chamber  ?",  respectively.  Steam,  in 
exhausting  to  the  atmosphere  from  the  lower  pressure  cylinder, 
must  pass  out  through  the  cavity  S,  Two  relief  valves  m,  m 
are  screwed  into  holes  that  lead  to  the  passages  j  and  t,  and 
another  valve  is  screwed  into  a  hole  n  leading  to  the  steamway 
in  the  cylinder  saddle.  The  arrangement  of  the  cylinders, 
steamways,  and  cavities  in  relation  to  the  steam  valve  will  be 
more  clearly  seen  by  referring  to  Fig.  10. 


OPERATION. 

25.  Forward  Stroke. — The  views  of  the  steam  chest  and 
cylinders  in  Figs.  10  and  11  are  not  true  sectional  views,  but 
are  conventional  views  made  up  for  the  purpose  of  showing  the 
relation  of  the  high-  and  low-pressure  cylinders  to  the  steam 
valve,  as  well  as  the  relation  of  the  chambers  A,  t,  j,  etc.  to  the 
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steam  ways  w,  x,  y,  and  z  that  lead  to  the  ends  of  the  two  cylin- 
ders. Also,  the  operation  of  the  engine  can  be  more  clearly 
shown  by  means  of  these  figures. 

Suppose  the  engine  to  have  been  working,  so  that  both 
cylinders  are  working  steam;  then  the  operation  for  the  forward 
stroke,  Fig.  10,  will  be  as  follows:  With  the  valve  in  the  posi- 
tion shown,  steam  from  the  steam  chest  enters  the  back  end  of 
the  high-pressure  cylinder  A  through  chamber  h  and  the  steam- 
way  X,  as  indicated  by  the  arrows,  forcing  the  piston  towards 
the  front  end  of  the  cylinder.  The  steam  in  the  front  end  of 
the  high-pressure  cylinder  is  exhausting  through  the  steam- 
way  W7,  chamber  i,  cavity  of  valve  F,  chamber  t,  and  steamway 
2,  into  the  back  end  of  the  low-pressure  cylinder  5,  as  indi- 
cated by  the  arrows,  thus  forcing  the  low-pressure  piston  towards 
the  front  end  of  its  cylinder  also.  The  exhaust  steam  in  the 
front  end  of  the  low-pressure  cylinder  is  exhausting  to  the 
atmosphere  through  the  passage  y,  chamber  j,  cavity  of  valve  Vy 
and  the  exhaust  port  S^  as  indicated. 

26.  Backward  Stroke. — In  the  backward  stroke  of  the 
pistons,  Fig.  11,  the  valve  is  admitting  steam  to  the  front  end 
of  the  high-pressure  cylinder,  as  shown,  while  the  steam  in  the 
back  end  of  the  high-pressure  cylinder  is  exhausting  into  the  for- 
ward end  of  the  low-pressure  cylinder;  hence,  both  pistons  are 
being  forced  towards  the  back  end  of  their  cylinders.  The 
exhaust  steam  in  the  back  end  of  the  low-pressure  cylinder  is 
passing  through  the  steamway  z,  chamber  t,  and  cavity  of  valve, 
into  the  exhaust  passage  S,  By  comparing  Figs.  10  and  11,  it 
will  be  seen  that  the  high-pressure  cylinder  receives  the  steam 
directly  from  the  boiler  through  the  steam  chest,  while  the 
low-pressure  cylinder  receives  its  supply  of  steam  directly  from 
the  exhaust  side  of  the  high-pressure  cylinder.  In  other  words, 
the  high-pressure  cylinder  receives  steam  from  the  boiler  for  a 
certain  part  of  the  stroke,  allows  it  to  expand  practically  for  the 
remainder  of  the  stroke,  and  then  discharges  it  into  the  low- 
pressure  cylinder,  where  it  is  still  further  expanded,  after  which 
it  is  discharged  through  the  exhaust  pipes  in  the  usual  manner. 
It  is  obvious  that  if  this  compound  locomotive  is  started  from 
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a  state  of  rest  while  working  compound,  no  steam  can  enter  the 
low-pressure  cylinders'until  after  part  of  a  revolution  has  been 
made  by  the  drivers;  hence,  in  that  case,  the  duty  of  giving  the 
train  its  first  motion  would  fall  entirely  on  the  high-pressure 
cylinders,  while  the  low-pressure  cylinders  would  lend  abso- 
lutely no  assistance  at  the  very  time  their  help  was  most 
needed.  This  would  not  only  greatly  reduce  the  starting  power 
of  the  locomotive,  but,  with  a  heavy  train,  it  would  subject 
certain  parts  of  the  driving  gear  to   such  strains  as  would 


Fig.  12. 

probably  lead  to  breakdowns.  To  overcome  this  difficulty,  it 
was  found  necessary  to  devise  a  means  of  admitting  steam 
from  the  boiler  directly  into  both  the  low-pressure  and  the 
high-pressure  cylinders  while  starting  the  train;  and  the  device 
by  means  of  which  this  has  been  accomplished  is  known  as  the 
starting:  valve. 

27.     General  Arransrement  of  Starting- Valve  Gear. 

The  arrangement  of  the  starting- valve  gear  is  clearly  shown 
in  Fig.  12.  The  valve  8  is  the  starting  valve,  and  it  is  con- 
nected by  the  pipe  t  to  the  two  steam  ways  h  and  k,  Fig.  11, 
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that  lead  to  the  opposite  ends  of  the  high-pressure  cylinder. 
This  valve  is  merely  a  by-pass  valve,  and  it  is  operated  by  the 
same  lever  L  in  the  cab  that  operates  the  cylinder  cocks  n. 
Another  arrangement  of  the  starting  valve  places  it  above  the 
steam  chest,  in  which  case  it  has  a  separate  lever  in  the  cab  for 
operating  it,  and  it  is  not  connected  with  the  cylinder  cocks. 
This  starting  valve  is  simply  a  plain  plug  cock  in  a  straight  pipe. 

28.  Construction  of  Starting:  Valve. — Sectional  views 
of  the  starting:  valve  are  shown  in  Fig.  13  (a),  (6),  and  (c). 
One  end  of  the  pipe  t  connects  with  the  top  opening  PT,  the 
other  end  connects  with  the  side  opening  U,  while  the  small 
opening  N  on  the  bottom  leads  to  the  atmosphere.  When  the 
handle  H 18  pointing  directly  down,  as  in  view  (a),  the  valve 
is  closed,  since  the  plug  of  the  valve  blanks  all  the  openings. 
When  the  handle  is  moved  to  the  forward  position,  view  (6), 
the  passage  S  through  the  plug  of  the  valve  connects  the 
port  opening  N  with  port  If,  while  the  passage  4  connects 
with  port  U]  hence,  there  is  a  direct  opening  to  the  atmosphere 
through  the  pipe  5,  while  at  the  same  time  there  is  direct  pas- 
sage between  the  ports  W  and  U  through  the  passages  3  and  4- 
Thus,  when  in  this  position,  the  valve  not  oiily  acts  as  a  by-pass 
valve,  but  also  as  a  cylinder  cock  for  the  high-pressure  cylinder, 
since  steam  can  pass  from  one  pipe  t  to  the  other  through  the 
passages  3  and  4  in  the  plug  of  the  valve,  or  from  either  pipe  to 
the  atmospliere  through  port  iVand  pipe  5. 

When  the  handle  of  the  valve  is  in  the  position,  view  (c), 
the  passage  i  in  the  plug  connects  with  the  port  W,  while 
the  passage  3  connects  with  the  opening  U,  and  the  port  A'' 
leading  to  the  atmosphere  is  blanked;  hence,  in  this  position 
the  valve  acts  simply  as  a  by- pass  valve,  allowing  steam  to  pass 
through  it  and  pipe  t  in  either  direction,  but  preventing  any 
discharge  of  steam  to  the  atmosphere  through  the  portN.  With 
the  other  type  of  starting  valve,  the  opening  at  port  iV^  is  omitted 
and  the  valve  is  simply  a  by-pass  valve  with  but  two  positions. 

29.  Operation  of  Starting:  Gear. — The  operation  of  the 
starting  gear  can  best  be  explained  by  referring  to  Fig.  14. 
If  the  cylinder  casting,  Fig.  1,  were  cut  through  on  the  line  arz, 
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and  the  right-hand  portion  were  removed,  then  the  remainder 
would  show  a  section  somewhat  as  in  Fig.  14.  The  high- 
pressure  cylinder  A  cannot  be  seen,  as  it  is  on  the  far  side  of 
the  steam  chest,  but  the  back  side  of  the  low-pressure  cylinder 
B  can  be  seen.  It  will  be  observed  that  one  end  of  the  pipe  t 
is  screwed  into  a  hole  that  is  drilled  into  chamber  k\  cham- 
ber i,  it  will  be  remembered,  is  one  end  of  the  steam  way  that 
leads  to  the  front  end  of  the  high-pressure  cylinder,  and  it 
opens  also  into  the  front  end  of  the  steam  chest  through  the 
ports  in  the  valve  bushing.  The  other  end  of  the  pipe  t  is 
screwed  into  a  hole  that  is  drilled  into  chamber  /i,  thus  making 
direct  connection  between  this  end  of  the  pipe,  the  back  end  of 
the  high-pressure  cylinder,  and  the  back  end  of  the  steam  chest. 
Thus  the  two  ends  of  the  high-pressure  cylinder  can  be  con- 
nected through  the  starting  valve.  The  handle  H  of  the  start- 
ing valve  is  connected  to  the  same  lever  as  is  the  mechanism 
that  operates  the  cylinder  cocks,  and  when  the  lever  L  is  in 
its  middle  position  i,  the  starting  valve  is  closed.  When  the 
engine  is  operated  with  the  starting  valve  in  this  position,  the 
engine  is  said  to  be  working  compound,  since  no  live  steam  * 
enters  the  low-pressure  cylinder.  If  the  lever  L  is  moved  for- 
wards to  position  2,  the  handle  -ETwill  be  moved  forwards  also, 
and  the  starting  valve  and  the  cylinder  cocks  to  both  the  high- 
and  the  low-pressure  cylinders  will  be  open,  and  live  steam  can 
pass  to  the  low-pressure  cylinder  through  the  starting  valve,  as 
indicated  by  the  arrows.  The  engine  is  then  said  to  be  work- 
ing »imple,  since  live  steam  enters  the  low-pressure  cylinders. 
If  lever  L  is  moved  to  position  5,  the  handle  will  be  moved  to 
its  back  position;  in  this  position,  the  cylinder  cocks  will  be 
closed,  but  steam  can  still  pass  from  the  steam  chest  and  high- 
pressure  cylinder  to  the  corresponding  end  of  the  low-pressure 
cylinder,  as  indicated  by  the  arrows.  For  example,  in  the 
figure,  the  valve  is  forwards,  and  is  admitting  steam  into  the 
back  end  of  the  high- pressure  cylinder  through  chamber  h]  at 
the  same  time,  steam  passes  from  chamber  h  through  the  first 
part  of  pipe  <,  the  starting  valve  «,  and  the  second  part  of  pipe 


*  Steam  direct  from  the  boiler. 
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ty  into  chamber  i,  and  thence  through  the  valve  Fand  cham- 
ber i  to  the  back  end  of  the  low-pressure  cylinder,  as  indicated 
by  the  arrows.  In  this  position  of  the  starting  valve,  also,  the 
engine  is  said  to  be  working  simple.  It  should  be  noted  that, 
since  live  steam  enters  the  cavity  A,  it  is  free  to  fill  the  front  end 
of  the  high-pressure  cylinder  and  to  act  therefore  as  back  pres- 
sure on  the  high-pressure  piston.  This,  of  course,  reduces  con- 
siderably the  force  with  which  the  high-pressure  piston  is  moved 
forwards,  but  this  is  more  than  compensated  for  by  the  increase 
of  total  effective  force  on  the  low-pressure  piston,  due  to  its 
greater  area.  The  latter  has  about  three  times  the  area  of  the 
high-pressure  piston;  hence,  for  every  pound  of  force  exerted  as 
back  pressure  on  the  high-pressure  piston,  the  live  steam  exerts 
an  effective  force  of  3  pounds  on  the  low-pressure  piston, 
and  the  power  of  the  engine  is  correspondingly  increased. 
However,  the  starting  valve  should  not  be  used  except  in 
emergencies,  such  as  when  starting  a  heavy  train  or  when  in 
danger  of  stalling  on  a  grade. 

30«  Relief  Valves. — It  is  usual  to  supply  the  cylinders  of 
locomotives  with  relief,  or  vacuum,  valves,  the  duty  of  which 
is  to  prevent  the  formation  of  a  vacuum  in  the  cylinders  that 
would  draw  in  hot  gases  and  cinders.  Vauclain  compounds 
are  supplied  with  rehef  valves  also,  although  they  are  situated 
differently  from  those  on  simple  engines.  As  already  remarked, 
a  relief  valve  is  screwed  into  the  hole  n  (see  Fig.  9)  that  leads 
to  the  steamway  in  the  cylinder  saddle;  hence,  if  a  vacuum 
tends  to  form  in  the  steamway,  or  in  the  high-pressure  steam 
chest  or  cylinder,  this  valve  will  open  and  admit  air  to  prevent 
the  formation  of  a  vacuum.  Also,  the  relief  valves  m.  Figs.  9 
and  14,  are  screwed  into  holes  that  lead  to  the  cavities  J  and  i, 
and  help  prevent  the  formation  of  a  vacuum  in  thejow-pressure 
cylinder. 

A  relief  valve  to  supply  air  to  the  lowr pressure  cylinder  when 
drifting  is  shown  in  Fig.  15  (a).  The  valve  rod  F,  which 
extends  through  the  front  head  of  the  steam  chest  and  is  pro- 
vided with  suitable  packing,  is  hollow  from  the  point  X  to  the 
front  end  where  the  relief  valve  R  is  attached.     A  number  of 
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holes  are  drilled  through  the  rod,  as  shown,  which  establish 
coramunication  between  the  inside  of  the  piston  valve  and  the 
atmosphere  when  the  valve  K  is  down  oS  ita  seat  A. 

The  space  itiside  the  piston  is  so  connected  to  the  low-pressure 
cylinder  that  when  drifting  with  steam  shut  off  the  air  from  the 
atmosphere  can  flow  in  and  relieve  the  partial  vacuum  caused 
by  the  movement  of  the  low-pressure  piston.  When  the 
engine  is  working  steam  the  hollow  valve  rod  fills  with  steam, 
which  closes  the  valve  K.  By  extending  the  valve  rod  in  front, 
it  act«  as  a  support  to  the  piston  valve,  and  thus  tends  to 
reduce  the  wear  on  the  bottom  of  the  valve  and  bushing. 

The  low-pressure  cylinders  are  also  equipped  with  water-relief 
valves  p,  p,  Fig.  14,  attached  to  the  front  and  hack  cylinder 
heads,  to  prevent  ♦'"'  •"■"olrin"  nt  n  i-irlinilep 
head  in  case  wi 
cylinder.  These 
safety  valves  to  n 
any  kind,  and  ' 
means  of  an  adju 
desired  pressure. 
water  valve  is  gi 
end  X  screws  into 
the  pressure  on 
the  valve  r 
becomes  great 
enough  to  com- 
press the  spring 
8,  the  valve  will 
open  and  allow 
the  excess  press 
atmosphere  throii 
The  tension  of 
regulated   by  me 

When  an  engine  has  the  low-pressure  ''"'■  ^*- 

cylinder  on  top,  as  in  Fig.  2,  a  different  arrangement  must  he 
adopted  on  the  low-pressure  cyHnders,  and  a  combined  pres- 
sure and  vacuum  relief  valve,  similar  to  that  shown  in  Fig.  16, 
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is  used,  one  in  each  head  of  the  low-pressure  cylinder.  If  a 
vacuum  tends  to  form  in  the  cylinder,  air  enters  the  valve 
through  the  air  inlets  at  the  bottom,  and,  raising  the  valve  v, 
passes  on  to  the  cylinder  through  y.  Any  excessive  pressure 
in  the  cylinder  will  raise  the  valve  x  against  the  action  of  the 
spring  and  allow  the  excess  of  pressure  to  escape  through  the 
openings  a,  a.  The  tension  of  the  spring  s  can  be  regulated 
by  means  of  the  adjusting  screw  n. 


OPERATING. 

31.  General  Considerations. — Before  an  engineer  can 
hope  to  become  a  successful  runner  of  compound  locomotives, 
he  must  learn,  first  of  all,  to  handle  the  reverse  lever  properly. 
The  quadrant  of  the  reverse  lever  is  usually  so  made  that  it  is 
impossible  to  cut  off  steam  in  the  high-pressure  cylinder  at  less 
than  half  stroke,  and  the  reverse  lever  can  be  safely  carried  in 
any  notch,  from  the  comer  to  the  half-stroke  notch,  without 
injury  to  the  fire.  This  is  due  to  the  milder  exhaust  of  the 
compound,  which  thus  enables  the  fireman  to  carry  a  lighter 
fire  than  he  would  with  a  simple  engine.  Follow  the  old  rule 
of  carrying  as  light  a  fire  as  possible. 

m 

32.  Handling:  Cylinder-Cock  Ijever. — Then  there  is 
the  proper  handling  of  the  starting  device  and  cylinder  cocks. 
It  is  a  good  rule,  when  handling  compounds,  to  always  open 
the  cylinder  cocks  in  starting  the  locomotive  from  a  state  of 
rest,  so  as  to  permit  the  water  of  condensation  to  escape  from 
the  cylinders.  Of  course,  by  opening  the  cylinder  cocks,  the 
starting  valve  is  opened,  and  live  steam  is  admitted  to  the  low- 
pressure  cylinder,  causing  the  train  to  start  quickly  and 
smoothly.  Sometimes,  however,  as  when  in  a  crowded  station, 
it  is  undesirable  to  open  the  cylinder  cocks,  in  which  event  the 
engineer  should  move  the  cylinder-cock  lever  backwards  to  the 
position  for  admitting  steam  to  the  low-pressure  cylinder  with- 
out opening  the  cylinder  cocks.  If  the  cylinder  cocks  are 
opened  in  starting,  they  should  be  closed  as  soon  as  the  cylin- 
ders are  free  of  water,   and,    whatever  the  position   of    the 
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cylinder-cock  lever,  it  must  be  moved  to  compound  position 
(middle  position)  before  the  reverse  lever  is  moved  from  the 
comer.  If  it  is  necessary  to  open  the  cylinder  cocks  when  at 
full  speed  in  order  to  relieve  the  cylinders  of  water,  it  may  be 
done  without  moving  the  reverse  lever  from  its  position,  since 
at  high  speeds  the  steam  will  not  pass  through  the  starting 
valves  quickly  enough  to  give  an  excessive  pressure  in  the  large 
cylinders.  At  slow  speeds,  however,  the  lever  should  always  be 
in  the  corner  during  the  time  the  starting  valve  is  open.  If  it 
is  necessary  to  open  the  cylinder  cocks  at  slow  speeds,  first  drop 
the  reverse  lever  into  the  corner  and  let  it  remain  there  until 
the  cylinder-cock  lever  has  been  moved  to  its  middle  position 
again.  It  is  to  be  remembered  that  a  locomotive  will  not  make 
as  good  time  with  the  starting  valve  open  as  with  it  closed, 
besides  using  a  great  deal  more  coal  and  water;  hence,  an 
engineer  should  never  make  a  practice  of  running  with  the 
starting  valve  open,  but  should  use  it  only  in  emergencies. 

33«  Ilandlingr  Keverse  licver. — Experiment  and  also 
general  experience  tend  to  show  that  the  simple  engine  is 
most  economical  when  cutting  ofif  at  about  one-quarter  stroke; 
the  most  economical  point  of  cut-off  for  the  compound  engine, 
on  the  other  hand,  is  about  five-eighths  stroke.  Experiments 
show  also  that,  as  the  reverse  lever  of  the  simple  engine  is 
notched  towards  the  corner,  the  amount  of  water  used  per 
horsepower  per  hour  increases  rapidly,  whereas  the  amount  of 
water  used  by  the  compound  increases  at  a  much  slower  rate. 
This  peculiarity  of  the  two  types  of  locomotives  is  quite  notice- 
able, especially  to  an  engineer  that  has  handled  both  types. 
The  rate  for  the  compound  increases  quite  rapidly,  however, 
when  it  is  being  run  with  the  starting  valve  open;  hence,  for  the 
sake  of  economy,  this  valve  should  be  used  as  seldom  as  possible. 
If,  during  the  run,  the  locomotive  is  called  on  for  an  extra  effort 
that  tends  to  slow  down  the  speed  of  the  train,  the  reverse 
lever  should  be  dropped — a  notch  or  two  at  a  time — soon  enough 
to  maintain  the  speed  as  nearly  as  possible.  In  this  way  less 
coal  and  water  will  be  used  than  will  be  the  case  if  the  train 
is  allowed  to  slow  down  considerably  before  the  lever  is  dropped, 
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and  then  have  to  be  brought  up  to  speed  again.  Also,  the 
unequal  strain  and  wear  on  the  crossheads,  guides,  and  piston 
rods  will  be  much  less  when  working  in  the  running  cut-oflf 
than  when  using  a  very  long  cut-off  or  the  starting  valve,  ks 
the  lever  is  dropped  below  the  proper  running  cut-off,  as  well  as 
when  the  starting  valve  is  open,  the  strain  on  the  high-pressure 
side  of  the  crosshead  is  decreased  and  that  on  the  low-pressure 
side  is  increased.  For  this  reason,  the  lever  should  be  dropped 
a  notch  or  two  early  enough  to  avoid  having  to  go  clear  into  the 
corner,  or  opening  the  starting  valve.  The  starting  valve  should 
not  be  opened  until  the  reverse  lever  has  been  gradually  notched 
forwards  and  is  in  the  last  notch,  and  the  locomotive  is  in 
danger  of  being  stalled,  and  it  should  be  closed  as  soon  as  the 
danger  of  stalling  is  passed. 

34.  Handlingr  a  Yauclain. — In  startingr  a  train  with 
a  Vauclain  compound,  first  place  the  reverse  lever  in  the  corner 
notch,  then  move  the  cylinder-cock  lever  to  its  forward  position 
to  open  the  cylinder  cocks  and  starting  valve,  and  then  open 
the  throttle.  As  soon  as  the  cylinders  are  free  from  water  and 
the  train  has  attained  a  speed  of  from  4  to  6  miles  per  hour, 
move  the  cylinder- cock  lever  to  its  mid-position,  thus  closing 
both  the  cylinder  cocks  and  the  starting  valve,  and  causing  the 
engine  to  work  compound.  If  the  engine  is  equipped  with  the 
other  style  starting  valve,  move  it  to  closed  position.  After 
closing  the  starting  valvey  and  aa  the  speed  of  the  train  increases, 
hook  up  the  reverse  lever  a  notch  or  two  at  a  time  until  the 
proper  speed  is  attained.  If  the  locomotive  at  any  time  develops 
more  power  than  is  required  with  the  reverse  lever  in  any 
notch,  hook  it  up  a  notch  or  two  more;  and  if,  with  the  lever  in 
the  last  notch  and  the  high-pressure  cylinder  cutting  off  at 
about  half  stroke,  it  should  still  develop  too  much  power,  par- 
tially close  the  throttle  and  thus  reduce  the  power  developed. 
If  running  on  a  down  grade  on  which  it  is  not  necessary  to  work 
steam  in  the  cylinders,  keep  the  throttle  open  just  a  ^^crack," 
so  as  to  allow  sufficient  steam  in  the  cylinders  to  assist  in  lubri- 
cating the  parts  and  prevent  the  formation  of  a  vacuum,  which 
retards  the  movement  of  the  piston.     A  sufficient  amount  of 


28  COMPOUND  LOCOMOTIVES.  §  10 

steam  for  this  purpose  will  just  keep  the  relief  vftlves  closed. 
Should  the  grade  be  such  as  to  prohibit  this  practice,  then  close 
the  throttle  and  gradually  move  the  reverse  lever — a  few 
notches  at  a  time — towards  the  forward  comer,  and  then  move 
the  cylinder-cock  lever  to  its  backward  position,  in  which  it 
opens  the  starting  valve  only,  since  this  allows  air  to  circulate 
either  way  through  the  pipe  t,  thus  relieving  the  vacuum  formed 
and  making  the  engine  drift  more  easily. 

35.  A  reference  to  Figs.  13  and  14  will  show  that,  in  this 
position  of  the  starting  valve,  the  pipe  t  connects  the  two  ends  of 
the  high-pressure  cylinder  togethq^;  also,  since  the  chamber  i 
leads  to  the  back  end  of  the  low-pressure  cylinder,  it  will  be 
plain  that,  with  the  steam  valve  F(i.  e.,  the  piston  valve)  in  the 
position  shown  (see  also  Fig.  10),  the  front  end  of  the  high- 
pressure  cylinder  is  connected  with  the  back  end  of  the  low- 
pressure  cylinder  through  the  valve  F;  while,  with  the  valve  V 
in  its  back  position  (see  also  Fig.  11),  the  back  end  of  the 
high-pressure  cylinder  connects  with  the  front  end  of  the  low- 
pressure  cylinder  through  chamber  j.  Thus,  it  will  be  seen  that, 
when  the  engine  is  drifting  with  the  starting  valve  open,  the  air 
that  is  compressed  on  one  side  of  the  high-pressure  piston  is 
free  to  flow  to  the  other  side  of  both  the  high-pressure  and  the 
low-pressure  pistons,  thus  preventing,  to  a  considerable  extent, 
the  formation  of  a  vacuum  there.  Also,  when  the  style  of  cyl- 
inder cock  indicated  is  used  (with  small  check  valve),  and  the 
starting  valve  is  in  its  backward  position — so  as  not  to  open 
the  cocks — any  vacuum  in  either  end  of  the  low-pressure  cylin- 
der will  cause  the  check-valve  of  the  cylinder  cock  on  that  end 
to  open  and  admit  air,  while  the  pressure  in  the  opposite  end  of 
the  cylinder,  due  to  compression,  will  hold  the  check-valve  in 
the  other  cylinder  cock  seated.  It  is  better  that  the  cylinder 
cocks  should  not  be  opened  when  drifting,  as  otherwise  the  air 
discharging  from  the  low-pressure  cylinder  carries  oil  along 
with  it,  and,  consequently,  the  cylinders  are  more  liable  to 
become  dry  and  cut.  The  proper  position  for  the  reverse  lever 
when  drifting  is  as  near  the  comer  as  practicable. 

On  an  up  grade,  as  soon  as  the  engine  shows  signs  of  slowing 
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down,  drop  the  reverse  lever  a  notch  or  two,  and  continue  to 
notch  forwards  as  necessary  until  the  lever  is  in  the  corner 
notch;  then,  should  the  train  continue  to  slow  up  so  that  there 
is  danger  of  stalling,  open  the  starting  valve  until  the  danger 
is  past,  whereupon  it  should  be  closed.  Compound  engines 
of  this  type  require  about  the  same  amount  of  cylinder  oil  as 
a  simple  engine  of  equal  size  and  power;  hence,  the  lubricator 
cylinder  feeds  should  be  set  accordingly.  Also,  the  wear  of  the 
crosshead  and  guides  requires  close  attention  to  prevent  lost 
motion.  On  account  of  the  unequal  strains  that  the  crosshead 
is  subjected  to  at  all  cut-offs,  other  than  the  proper  running 
cut-off,  the  wear  on  some  parts  of  the  crosshead  is  excessive. 
The  successful  operation  of  this  type  of  compound  depends 
largely  on  the  condition  in  which  the  crossheads  are  maintained. 
The  wearing  surfaces  of  the  guides  and  crosshead  are  now  being 
made  considerably  larger  than  formerly,  so  that  the  wear  is 
much  reduced. 

BREAKDOWNS. 

36.  Broken  Main  Rod. — In  the  event  of  a  main  rod 
breaking,  place  the  steam  valve  on  that  side  in  the  center  of 
the  valve  seat,  as  in  Fig.  5 — in  which  position  all  the  ports  are 
covered — and  clamp  it  there,  remove  the  broken  rod,  and 
securely  clamp  the  crosshead;  then  run  in  with  the  other  side. 
In  engines  having  the  direct  valve  gear,  in  which  the  valve 
stem  is  connected  to  a  small  crosshead,  the  valve  will  be 
properly  placed  if  this  crosshead  is  blocked  so  as  to  be  in  the 
center  of  the  guides. 

37.  Broken  Hlgrh-Pressure  Piston  Rod. — In  the  event 
of  a  broken  high-pressure  piston  rod,  it  is  possible  to  proceed 
without  taking  down  that  side  of  the  engine.  Take  off 
the  front  cylinder-head — or  the  pieces,  if  broken — remove  the 
piston,  and  then  plug  the  piston-rod  hole  in  the  back  cylinder 
head  from  the  inside.  Next,  replace  the  front  head,  if  unbroken; 
or,  if  broken,  clamp  a  heavy  board  over  the  end  of  the  cylinder 
80  as  to  make  a  joint  as  nearly  steam-tight  as  possible;  the 
engine  is  then  ready  for  business.  The  steam  will  be  dis- 
tributed to  this  cylinder  as  though  the  piston  were  in  place; 
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but,  instead  of  doing  work  there,  it  will  pass  directly  through 
the  steam  valve  to  the  low-pressure  cylinder,  the  same  as  the 
exhaust  steam  would.  Of  course,  only  three  cylinders  will  be 
available  for  work,  but  the  locomotive  can  be  handled  the  same 
as  before  the  accident  occurred. 

38.  Broken  Ijow-Pressure  Piston  Rod. — In  case  this 
piston  rod  breaks,  take  oflF  the  front  cylinder  head,  remove  the 
piston,  and  plug  the  piston-rod  hole  in  the  back  cylinder  head 
from  the  inside,  as  in  the  case  of  the  high-pressure  cylinder. 
Replace  the  cylinder  head,  and  proceed  with  the  run,  using 
three  cylinders.  In  this  case,  also,  the  locomotive  can  be  run 
either  simple  or  compound.  If  the  front  head  is  broken  also, 
you. can  proceed  without  it,  after  removing  the  piston,  the 
exhaust  steam  from  the  high-pressure  cylinder  being  allowed  to 
exhaust  through  the  opening  thus  made.  If  the  escaping  steam 
obstructs  the  view  so  that  it  is  dangerous  to  nm  with  it  thus 
escaping,  try  to  board  up  the  end  of  the  cylinder,  or,  failing  in 
that,  take  down  that  side  of  the  engine  and  proceed  by  using 
the  other  side.  If  the  cylinder  head  only  is  broken,  proceed 
as  above;  only  in  that  event  do  not  remove  the  piston. 

39.  Broken  Valve  Stem. — In  the  event  of  a  broken 
valve  stem,  clamp  the  valve  in  the  center  of  its  seat  so  as  to 
cover  all  the  ports,  then  take  down  the  main  rod,  securely 
clamp  the  crosshead,  and  run  in  with  the  other  side. 

40.  Other  Breakdoiivns. — Broken  packing  rings,  in  either 
the  steam  valve  or  cylinder  pistons,  are  very  difficult  to  detect, 
and  generally  can  only  be  noticed  in  their  eflfect  on  the  engines; 
that  is,  when  the  rings  are  faulty,  the  engine  steams  poorly 
and  will  not  make  time  on  the  road.  The  low-pressure  piston 
packing- rings  require  renewal  more  frequently  than  those  of  the 
high-pressure  piston.  Sometimes  the  cylinder-cock  shaft  T, 
Fig.  12,  becomes  strained,  so  that,  when  the  cylinder-cock 
lever  is  moved,  it  will  open  the  starting  valve  on  one  side  of  the 
engine,  but  will  not  open  the  one  on  the  other  side.  This 
causes  the  exhaust  to  sound  alternately  light  and  heavy,  and 
the  trouble  is  very  apt  to  be  attributed  to  the  valve  gear;  hence, 
before  altering  the  valve  gear,  examine  the  starting  valves,  to 
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see  whether  they  open  and  close  simultaneously,  and  examine 
also  the  steam  valve  and  low-pressure  piston  for  broken  rings. 

41.  Blows. — It  is  of  great  importance  to  be  able  to 
accurately  locate  blows  in  this  type  of  compound,  without  having 
to  make  an  actual  examination  of  all  the  parts  through  which 
the  blow  is  liable  to  occur.  This  is  especially  true  in  the 
low-wheel  type  of  locomotive  where  the  steam  chest  is  located 
low  down  and  inside  the  frames.  In  this  arrangement  it  is 
necessary,  in  many  cases,  to  drop  the  engine  truck  in  order  to 
get  the  valve  out  for  examination,  and  then  it  may  be  found 
to  be  all  right  and  that  the  trouble  is  elsewhere.  The  engineer 
is  first  warned  of  a  blow  by  noticing  a  peculiarity  of  the 
exhaust.  When  there  is  a  leaky  valve  or  a  leaky  piston  pack- 
ing, the  sound  of  the  exhaust  differs  somewhat  from  that 
produced  when  there  is  a  derangement  in  the  valve  gear,  so 
that  by  noting  the  position  of  the  crankpin  as  the  exhaust 
occurs  and  listening  to  the  sound  of  the  exhaust  as  the  engine 
is  run  slowly  along,  the  source  of  the  blow  can  usually  be 
determined.  If  the  exhausts  occur  at  irregular  intervals  and 
one  exhaust  is  heavier  and  one  lighter  than  the  other  two, 
the  trouble  will  be  found  somewhere  in  the  valve  motion,  and 
its  location  and  remedy  will  be  the  same  as  in  a  simple  engine. 
If  the  exhausts  are  at  regular  intervals  but  of  varying  volume, 
the  trouble  will  be  found  in  the  piston  or  valve  packing,  or 
in  the  starting  valve  or  its  connections.  When  running  slowly, 
watch  the  right  side,  and  if  it  is  found  that  every  time  the 
engine  passes  the  quarters  a  heavier  exhaust  occurs  than  when  it 
passes  the  centers,  either  there  is  a  leak  of  live  steam  into 
the  low-pressure  cylinder  on  the  left  side,  thus  accounting  for 
the  heavy  exhaust  from  that  side,  or  there  is  a  leak  past  the 
low-pressure  piston  on  the  right  side,  which  allows  some  of 
the  steam  to  escape  before  the  exhaust  takes  place,  thus 
reducing  the  volume  of  sound  when  the  exhaust  does  occur. 
In  some  cases  the  irregularity  may  be  caused  by  the  connections 
to  the  starting  valve  being  out  of  order.  When  the  cylinder 
cocks  and  starting  valve  are  operated  by  one  lever,  the  starting 
valve  is  under  the  cylinder,  and  frequently  the  rods  and  lever 
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connections  are  bent  by  striking  obstructions  along  the  road; 
this  alters  their  length  so  that  with  the  lever  in  the  cab  in  its 
proper  positions  the  altered  length  of  the  connections  will  throw 
the  starting  valve  out  of  its  proper  position.  If  the  connections 
are  so  bent  that  the  starting  valve  is  opened  when  the  cylinder- 
cock  lever  is  in  compound  position  (position  i,  Fig.  12),  it  will 
allow  live  steam  to  go  to  the  low-pressure  cylinder  on  that 
side,  and  a  heavy  exhaust  will  occur  from  that  side.  If  by 
placing  the  cylinder-cock  lever  in  live-steam  position  (posi- 
tion S,  Fig.  12)  the  exhausts  are  made  equal,  the  trouble  will 
probably  be  found  in  the  connections.  But  such  a  condition 
might  be  bad  that  when  the  lever  is  changed  one  starting  valve 
would  be  closed  and  the  others  opened,  which  would  still  give 
the  irregular  exhaust  but  the  time  of  occurrence  would  be 
reversed.  An  examination,  however,  will  quickly  show  if  this 
is  the  trouble,  as  with  the  cylinder-cock  lever  in  compound 
position  the  starting-valve  lever  should  be  at  right  angles  with 
the  rail. 

If  the  starting  valve  is  all  right,  but  it  is  thought  that  the 
engine  is  not  doing  its  work  as  well  as  usual,  look  for  the 
trouble  on  the  side  from  which  the  light  exhaust  is  coming, 
which,  in  this  case,  is  the  right  side.  To  determine  this,  place 
the  engine  on  the  quarter  on  the  right  side  with  the  reverse 
lever  in  the  comer  and  the  starting  valve  in  position  5,  Fig.  12 
(live-steam  position),  open  the  throttle  and  raise  the  cylinder- 
cock  valves  by  lifting  the  slide  rod,  and  if  steam  escapes  from 
both  cylinder  cocks  in  considerable  quantities  it  will  indicate 
that  the  low-pressure  cylinder  packing  is  leaking  on  that  side. 
This  test  is  practically  the  same  as  the  test  for  a  cylinder  pack- 
ing blow  in  a  simple  engine. 

The  trouble  might  be  in  the  valve  packing  rings  6  and  6  or 
7  and  <?,  Fig.  15  (a),  though  this  is  not  likely.  This  can  be  proved 
by  bringing  the  reverse  lever  to  the  center  notch,  when  if  the 
rings  5  and  ^  or  7  and  8  are  leaking,  steam  will  continue  to  blow 
out  of  the  cylinder  cock  until  all  the  steam  trapped  in  the  inner 
cavity  of  the  valve  escapes.  If  but  one  pair  of  rings  are  leaking 
the  exhaust  will  indicate  this  by  giving  three  normal  exhausts 
and  one  light  one. 
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If  the  trouble  is  not  found  in  the  right  side,  the  heavy 
exhaust  is  the  abnormal  one,  and  the  trouble  should  be  looked 
for  on  the  left  side.  Place  that  side  of  the  engine  on  the  quar- 
ter, with  the  starting  valve  in  closed  or  compound  position, 
place  the  reverse  lever  in  the  comer,  and  open  the  throttle. 
An  indication  of  pressures  in  the  ends  of  the  high-pressure 
cylinder  can  be  had  by  slacking  off  on  the  union  nuts  at  each, 
end  of  the  live  steam  pipe  <,  Fig.  12.  If  steam  blows  from  each 
it  indicates  either  the  valve  or  the  high- pressure  piston  packing 
blowing.  If,  on  bringing  the  reverse  lever  to  the  center  notch, 
the  blow  ceases,  the  trouble  will  be  found  in  the  high-pressure 
piston  packing;  but  if  the  blow  continues,  it  will  be  the  valve 
packing,  though  this  does  not  prove  that  the  piston  packing  is 
not  blowing  also.  To  determine  if  it  is  the  piston  packing,  the 
valve  packing  must  be  made  tight,  and  then  if  the  engine  still 
blows  it  indicates  a  blow  in  the  piston  packing.  If  the  blow 
is  past  either  pair  of  valve  rings  1  and  2  or  3  and  4,  a  heavy 
exhaust  will  be  had  from  each  end  of  the  cylinder,  as  steam 
leaking  into  either  end  of  the  inner  cavity  of  the  valve  will 
find  its  way  into  whatever  port  the  other  end  of  the  cavity  may 
be  in  connection  with.  When  indicator  plugs  are  placed  in  the 
cylinders  they  may  be  removed  for  the  indication  of  pressures 
in  the  test.  Most  engines  that  have  the  starting  valve  inde- 
pendent of  the  cylinder  cocks  have  cylinder  cocks  leading  from 
the  high-pressure  cylinders,  and  these,  when  opened,  will  be  the 
most  convenient  indication  of  the  pressure  in  the  opposite 
ends  of  the  high-pressure  cylinder.  Sometimes  the  steam-chest 
bushing  does,  not  make  a  tight  fit  with  the  walls  of  the  chest 
and  allows  steam  to  leak  from  one  part  to  another,  giving  a 
blow  that  can  only  be  located  after  all  other  possible  places  for 
a  blow  have  been  examined.  By  tapping  with  a  hammer  on 
the  inside  of  the  bushing,  the  defective  joint  can  sometimes 
be  determined  by  the  difference  in  sound. 

Small  pieces  of  broken  packing  rings  find  their  way  into 
the  cylinder  cocks  and  get  under  the  valves  and  hold  them 
open,  thus  giving  a  sure  indication  of  which  side  to  look  for 
the  trouble.  The  large  size  cylinder  cocks  used  in  this  type  of 
engine  make  it  imperative  that  when  one  is  broken  off,  as  is 
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frequently  the  case,  the  opening  be  plugged  securely,  as  the 
steam  blowing  out  naturally  affects  the  power  of  the  locomo- 
tive, and  will  cover  the  working  parts  with  dirt  and  gravel. 
To  plug  these  holes  securely,  place  the  engine  on  the  center,  so 
that  the  following  head  will  be  over  the  opening;  then  make  a 
wooden  plug  of  a  proper  fit,  split  it  on  the  small  end  and  insert 
a  wedge  in  the  split,  and  then  drive  the  plug  in  securely. 
It  is  a  good  plan  to  make  a  small  groove  in  the  side  of  the  plug 
to  allow  the  accumulation  of  water  in  the  cylinder  to  drip  out. 


BAIiDWIN   TWO-CYIilNDER    COMPOUND. 


DESCRIPTION. 

42.  General  Arrangement. — The  general  arrangement 
of  the  high-  and  low-pressure  cylinders  and  of  the  intercepting 
valve  of  the  Baldwin  t'wo-cyllnder  compound  locomo- 
tive is  clearly  shown  in  Fig.  17.  In  this  type  of  compound, 
the  high-pressure  and  low-piressure  cylinders  are  arranged 
similarly  to  the  cylinders  of  a  simple  engine,  and  the  distribu- 
tion of  steam  to  the  cylinders  is  effected  by  means  of  slide 
valves  operating  in  the  steam  chests  5,  S.  As  will  be  seen,  there 
is  but  one  steam  pipe  D  in  the  smokebox,  and  that  connects 
with  the  steam  way  in  the  cylinder  saddle  that  leads  to  the 
steam  chest  of  the  high-pressure  cylinder  A.  The  end  Y  of 
the  receiver  connects  with  a  special  passage  in  the  saddle  that 
leads  to  the  intercepting  valve  C,  while  the  other  end  Z  of  the 
receiver  connects  with  the  steam  passage  that  leads  to  the  steam 
chest  of  the  low-pressure  cylinder  B.  The  exhaust  pipe  P 
connects  with  the  regular  exhaust  passage  leading  to  the  low- 
pressure  cylinder,  and  also,  through  a  special  passage,  with  the 
intercepting  valve,  which  is  situated  in  the  same  half  saddle  as 
the  high-pressure  cylinder;  hence,  by  the  action  of  the  inter- 
cepting valve,  as  will  be  explained,  the  exhaust  steam  from  the 
high-pressure  cylinder  may  be  made  to  go  either  through  the 
receiver  Y  Z  and  the  cylinder  B  and  its  exhaust  passage  to 
the  exhaust  pipe  P — as  when  the  engine  is  working  com- 
pound— or  direct  through  the  special  passage  to  the  exhaust 
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pipe  and  the  atmosphere  without  entering  the  receiver,  as  when 
working  simple.  Also,  there  is  a  special  passage  that  connects 
with  the  steamway  to  the  high-pressure  cylinder  and  leads 
through  the  reducing  valve  K  to  the  steam  chest  of  the  low- 
pressure  cylinder;  it  is  through  this  passage  that  live  steam  is 
admitted  to  the  low-pressure  cylinder  while  the  engine  is  being 
worked  simple. 

43.     Intercepting  TalTe. — If  the  cylinder  saddle,  Fig.  17, 
were  cut  through  on  the  iiaexy,  and  the  high-preesure  cylinder 


part  removed,  the  left-hand  part  would  present  a  sectional  view 
of  the  intercepting  and  reducing  valves  similar  to  that  shown 
in  Figs.  18  and  19,  depending  on  whether  the  intercepting  and 
reducing  voJves  were  in  simple  or  in  compound  position. 
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The  intercepting  valve  consists  of  two  pistons  a  and  b  connected 
together  by  means  of  the  rod  x,  which  also  holds  the  pistons  a 
definite  distance  apart.  The  valve  is  made  to  work  steam-tight 
within  the  bushhig  d  by  means  of  packing  rings,  as  shown. 
The  bushing  is  provided  with  three  ports  Z,  m,  n  that  connect 
with  the  chambers  F,  c,  and  /,  respectively.  Chamber  jP  con- 
nects with  the  exhaust  steamway  of  the  high-pressure  cylinder, 
chamber  c  connects  with  the  special  passage  spoken  of  that  leads 
direct  to  the  exhaust  pipe,  while  chamber  /  connects  with  the 
end  Fof  the  receiver.  When  the  engine  is  working  simple,  the 
spring  8  holds  the  intercepting  valve  in  its  extreme  backward 
position  against  the  head  h,  Fig.  18,  in  which  position  the  cavity 
between  the  pistons  a  and  b  connects  chambers  i^  and  c,  and  the 
piston  b  cuts  off  port  n,  thus  closing  communication  between 
the  chambers  c  and  F  and  chamber  /.  When  working  com- 
pound, the  valve  is  held  in  its  extreme  forward  position,  as 
shown  in  Fig.  19,  in  which  position  the  cavity  in  the  valve 
connects  the  chambers  F  and  7,  and  the  piston  a  closes  port  w. 
Fig.  18,  leading  to  chamber  c.  The  valve  is  moved  forwards  (to 
compound  position)  by  admitting  steam  pressure  to  the  chamber 
Q  between  the  piston  a  and  the  head  A;  it  is  moved  backwards 
(to  simple  position)  by  removing  this  pressure  and  allowing 
the  spring  a  to  force  the  piston  back. 

The  duty  of  the  intercepting  valve,  it  will  be  observed, 
is  simply  to  divert  the  exhaust  steam  of  the  high-pressure 
cylinder  as  it  issues  from  chamber  Fy  either  directly  to  the 
exhaust  pipe  through  chamber  c,  as  when  working  simple, 
Fig.  18,  or  through  chamber  I  into  the  receiver  and  thence 
to  the  low-pressure  cylinder,  as  when  working  compound, 
Fig.  19.  Live  steam  from  the  steam  pipe  D  enters  the  steam- 
way  G  and  flows  around  the  intercepting  valve  to  the  high- 
pressure  steam  chest;  the  intercepting  valve,  however,  does  not 
affect  the  live  steam,  its  duty  being  entirely  with  the  exhaust 
steam  of  the  high-pressure  cylinder. 

44.  Reducingf  Talve. — WTien  the  engine  is  working 
compound,  live  steam  enters  and  is  expanded  in  the  high- 
pressure  cylinder  A,  and,  after  expansion,  is  exhausted  into  the 
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receiver  FZ,  from  whence  it  passes  to  .the  low-pressure 
cylinder  B,  In  the  compound  position,  therefore,  the  steam 
supply  for  the  low-pressure  cylinder  comes  from  the  high- 
pressure  exhaust  steam;  but,  in  the  simple  position,  this 
exhaust  steam  discharges  directly  into  the  atmosphere,  and  it 
then  becomes  necessary  to  supply  the  low-pressure  cylinder 
with  steam  at  a  reduced  pressure  from  the  boiler.  Also,  since 
the  area  of  the  low-pressure  piston  is  about  two  and  one-half 
times  the  area  of  the  high-pressure  piston,  the  pressure  of  the 
steam  admitted  into  the  low-pressure  cylinder  must  be  regulated 
so  that  the  total  force  exerted  on  the  two  pistons  will  be  equal. 
It  is  the  duty  of  the  reducing  valve  K  to  perform  both  of  these 
functions.  In  other  words,  one  duty  of  the  reducing  valve  is 
to  admit  live  steam  at  a  reduced  pressure  into  the  receiver  when 
the  engine  is  working  simple,  and  to  exclude  live  steam  from 
the  receiver  when  the  engine  is  working  compound,  since  it  is 
not  then  required;  the  other  duty  is  to  so  regulate  the  pressure 
in  the  receiver,  when  live  steam  is  being  admitted,  that  the 
total  force  exerted  on  the  pistons  in  the  two  cylinders  will 
always  be  equal,  regardless  of  the  pressure  of  the  steam  in  the 
steam  pipe.  The  reducing  valve  remains  inoperative  during 
the  time  the  engine  is  working  compound. 

45.  The  reducing  valve  Ky  Fig.  18,  consists  of  two  pistons, 
i  and  j,  connected  together  by  means  of  a  sleeve.  A  spring  is 
so  arranged  within  the  sleeve  that  it  tends  to  hold  the  valve 
open — that  is,  in  its  forward  position — as  shown  in  Fig.  18. 
?  n^  va!ve  works  steam-tight  within  a  bushing  o,  the  back  end 
of  wrbich  is  furnished  with  the  ports  t,  so  that,  when  the 
valve  is  in  the  position  shown  in  Fig.  18  (position  for  working 
simple),  live  steam  can  pass  from  the  chamber  G  through  the 
ports  t  and  into  chamber  /,  and  thence  to  the  receiver.  When 
the  valve  is  moved  to  the  position  shown  in  Fig.  19  (compound 
position),  no  steam  can  pass  between  the  chambers  6  and  /, 
because  the  ports  t  are  covered  by  the  valve  K.  This  valve 
can  be  moved,  at  will,  backwards  to  its  compound  position 
by  introducing  steam  pressure  into  the  space  v,  between  the 
piston  i  of  the  valve  and  the  end  w  of  chamber,  while  it  is 
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forced  forwards  to  simple  position  by  the  action  of  the  spring  as 
soon  as  the  pressure  in  chamber  v  is  removed.  How  the  valve 
performs  its  functions  can  best  be  explained  in  connection  with 
Fig.  20,  which  is  a  sectional  view  of  the  valve  in  simple  posi- 
tion. In  this  position,  live  steam  flows  from  chamber  O 
through  the  ports  t  into  chamber  i,  and  thence  to  the  receiver, 
as  indicated  by  the  arrows.  While  the  reducing  valve  must  be 
made  to  perform  one  of  its  duties,  it  is  perfectly  automatic  in  the 
performance  of  its  other  duty,  namely,  the  work  of  regulating 
the  pressure  in  the  receiver  when  the  engine  is  working  simple. 
The  reducing  valve  is  then  operated  automatically  by  the  pres- 
sure in  the  receiver,  and  it  will  close  the  ports  t  as  soon  as  the 
pressure  in  the  receiver  is  great  enough  to  equalize  the  force 
exerted  on  the  two  pistons  j  and  t,  or  it  will  open  the  ports 
should  the  pressure  fall  below  that  amount.  Its  operation  as  a 
pressure  regulator  is  as  follows:  Live-steam  pressure  in 
chamber  G  is  exerted  on  the  face  of  the  piston  j,  and  tends  to 
hold  the  valve  open;  the  steam  pressure  in  the  receiver,  on  the 
other  hand,  paases  through  port  c,  raises  valve  6^  and  then  flows 
through  the  passages  5  and  4  into  chamber  v  (see  Fig.  20),  and 
thus  acts  against  the  face  of  the  piston  t,  with  a  tendency  to 
close  the  valve.  Now,  the  piston  i  has  about  two  and  one- 
quarter  times*  the  area  exposed  to  the  receiver  steam  that 
piston  j  has  exposed  to  the  live  steam;  hence,  when  the  pressure 
in  the  receiver  is  a  little  less  than  half  that  of  the  live  steam, 
the  valve  will  be  moved  backwards  and  the  ports  t  closed. 
When  the  pressure  in  the  receiver  is  reduced  so  that  the  force 
exerted  by  the  steam  on  j  is  sufficiently  greater  than  that 
exerted  on  i  to  compress  the  spring,  the  valve  will  open;  and  so 
the  action  of  the  valve  is  carried  on. 

46.  When  the  engineer  wishes  to  work  the  engine  com- 
pound, he  admits  steam  (through  the  pipe/)  to  chambers  back 
of  the  piston  i  of  the  reducing  valve;  steam  flowing  from  / 
passes  through  the  passages  1  and  2,  raises  valve  ^,  and  passes 


*  The  two  piBtona  j  and  t  are  so  proportioned  that  equal  cylinder 
power  will  be  given  to  both  sides  of  the  engine,  regaidless  of  the 
amount  of  pressure  carried  in  the  boiler. 
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on  through  ^  to  chamber  v,  and  forces  the  reducing  valve  back- 
wards, closing  the  ports  L  Live  steam  cannot  then  enter  the 
receiver,  which  is  being  supplied  with  steam  by  the  high- 
pressure  cylinder  exhaust.  It  will  be  observed  that  pressure 
can  pass  to  chamber  10  above  valve  6  through  the  passage  7, 
chamber  <9,  and  passage  9\  hence,  valve  6  is  held  firmly  on  its 
seat  during  the  time  that  the  pipe  /  is  charged  with  pressure. 

47.  Operating  Valve. — Referring  to  Figs.  18  and  19,  it 
will  be  seen  that  the  pipes  e  and  /  are  joined  together  at  T,  and 
are  connected,  by  means  of  pipe  g,  to  the  operating  valve  R  that 
is  situated  in  the  cab.  It  is  by  means  of  this  valve  that  the 
engineer  is  enabled  to  change,  at  will,  the  intercepting  and 
reducing  valves  from  the  simple  to  the  compound  position,  or 
from  the  compound  to  the  simple  position.  It  will  be  noted 
that  with  this  type  of  compound  the  intercepting  and  reducing 
valves  are  held  in  compound  position  by  steam  from  the  cab, 
whereas  all  other  types,  except  the  Pittsburg,  are  held  in  simple 
position  by  steam  or  air  from  the  cab. 

A  cross-sectional  view  of  the  operating  valve  is  shown  in 
Fig,  21  (a),  and  a  plan  of  it  in  Fig.  21(6).  As  will  be  seen,  the 
valve  has  three  pipe  connections,  marked  JY,  F,  and  Z,  respect- 
ively; the  connection  with  pipe  g,  Fig,  18,  is  made  at  X,  Fig.  21, 
the  connection  to  the  boiler  at  Y,  while  a  pipe  that  opens  to  the 
atmosphere  is  connected  to  Z.  Part  of  the  vah"  stem  is  broken 
away,  view  (a),  in  order  to  show  the  steam  connection  F.  The 
valve  T',  it  will  be  observed,  has  two  seats,  one  at  a,  upon  which 
it  is  shown  seated,  and  the  other  at  b.  A  handle  Nis  connected 
with  the  valve  spindle  5,  and  the  spindle  is  provided  with  screw 
threads  c,  so  constructed  that  half  a  turn  of  the  handle  will 
move  the  valve  V  from  one  of  its  seats  to  the  other,  depending 
on  the  direction  in  which  the  handle  is  turned.  There  are  two 
positions  in  which  the  handle  A^is  carried;  these  positions,  one 
simple  and  the  other  compound^  are  marked  on  the  quadrant  Q. 
When  the  handle  is  in  the  position  marked  compound^  the 
valve  Fis  on  its  lower  seat  a,  as  shown  in  the  figure,  and  steam 
can  then  flow  from  the  boiler  through  the  connection  F,  past  the 
valve,  and  out  through  Xand  pipes  g^  e,  and  /,  Fig.  19,  to  the 
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chambers  Q  and  r,  forcing  the  intercepting  and  reducing  valves 
to  their  compound  positions.  The  engine  is  then  working 
compound.  By  turning  the  handle  to  the  position  marked 
simple,  the  valve  Fis  raised  to  its  upper  seat  6,  thus  cutting  off 
the  supply  of  steam  from  the  boiler  through  F;  also,  by  raising 
the  valve,  the  opening  into  the  drip  pipe  Z  is  uncovered,  and 
the  steam  pressure  caught  in  the  pipes  g,  /,  and  e  discharges 
instantly  to  the  atmosphere.  This  removes  all  pressure  from 
the  chambers  Q  and  v]  and,  consequently,  the  intercepting  and 
reducing  valves  assume  their  simple  positions,  Fig.  18,  and  the 
engine  works  simple. 

OPEBATION. 

48.  The  Baldwin  two-cylinder  compound  can  be  worked 
either  as  a  simple  or  as  a  compound  engine,  at  the  will  of  the 
engineer,  and  the  change  can  be  made  simply  by  moving 
the  handle  of  the  operating  valve  to  the  proper  position. 
When  the  engine  is  at  rest,  the  handle  of  the  operating  valve 
is  in  the  position  marked  simple,  and  the  engine  is  then  in 
condition  to  work  as  a  simple,  or  single-expansion,  engine,  since 
both  the  intercepting  and  reducing  valves  are  in  the  simple 
position.  The  intercepting  valve  diverts  the  exhaust  steam 
from  the  high-pressure  cylinder  into  the  special  exhaust 
passage  c,  and  thence  to  the  exhaust  pipe,  while,  at  the  same 
time,  the  reducing  valve  is  wide  open,  allowing  live  steam  to 
flow  from  chamber  G  into  the  receiver,  from  which  the  low- 
pressure  cylinder  draws  its  supply. 

The  locomotive  can  be  used  as  a  simple  engine  in  making  up 
trains  and  in  starting  trains;  but,  when  the  train  is  once 
fairly  started,  the  engine  should  be  worked  compound,  which 
is  accomplished  by  moving  the  handle  of  the  operating 
valve  to  compound  position.  This,  as  has  been  explained, 
admits  steam  from  the  boiler  into  the  pipes  e  and  /,  which 
instantly  moves  both  the  intercepting  and  the  reducing  valves 
to  the  compound  position.  The  exhaust  steam  from  the  high- 
pressure  cylinder  then  passes  into  the  receiver,  instead  of 
passing  directly  to  the  atmosphere,  and  forms  the  supply  for 
the  low-pressure  cylinder,  the  reducing  valve  being  held  closed 
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by  the  Bteam  pressure  in  chamber  v.  Should  there  be  danger 
of  stalling  at  any  time,  the  locomotive  should  be  changed 
to  work  simple  until  the  danger  of  stalling  is  past,  since  more 
power  is  developed  when  working  simple  than  when  working 
compound.  The  reason  a  cross-compound  has  more  power 
when  working  simple  than  when  working  compound,  is  that  at 
such  times  the  high-pressure  piston  is  relieved  of  the  back 
pressure  from  the  low-pressure  cylinder;  in  this  caae  the  high- 
pressure  cylinder  exhausts  directly  to  the  atmosphere.  In 
addition  to  this,  live  steam  at  about  half  the  boiler  pressure  is 
used  in  the  low-pressure  cylinder. 


BREAKDOWNS. 

49.  Broken  Main  Bod:  Hlgli-Pressure  Side. — In  the 

event  of  a  main  rod  on  the  high-pressure  side  breaking,  take 
it  down,  block  the  crosshead  securely  at  the  back  end  of  the 
guides,  disconnect  the  valve  rod  of  the  high-pressure  valve,  and 
place  the  valve  in  the  center  of  its  seat,  so  that  it  will  block  the 
ports,  and  clamp  it  there;  place  the  handle  of  the  operating 
valve  in  simple  position,  and  proceed,  using  the  low-pressure 
side  only.  With  the  operating  valve  in  simple  position,  as 
recommended  above,  the  intercepting  and  reducing  valves  will 
be  moved  to  simple  position  by  their  springs,  and  the  low- 
pressure  side  will  be  supplied,  through  the  reducing  valve,  with 
live  steam. 

50.  Broken  Main  Bod:  Ijow-Pressure  Side. — In  case 
the  main  rod  on  the  low-pressure  side  breaks,  take  it  down  and 
block  the  crosshead  at  the  back  end  of  the  guides;  disconnect 
the  low-pressure  valve  stem,  and  clamp  the  valve  in  such  a 
position  that  it  will  cover  both  ports;  move  the  handle  of  the 
operating  valve  to  simple  position,  and  proceed,  using  only  the 
high-pressure  cylinder  of  the  engine.  Referring  to  Fig.  18,  it 
will  be  seen  that  live  steam  will  pass  from  chamber  G  to  the 
high-pressure  cylinder,  and  will  exhaust  through  the  emergency 
exhaust  passage  c  directly  to  the  atmosphere,  without  entering 
the  receiver. 
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51.  Broken  Valve  Stem.— In  the  event  of  either  valve 
stem  breaking,  take  down  the  main  rod  on  that  side,  block 
the  crosshead  at  the  back  end  of  the  guides,  clamp  the  valve  in 
the  center  of  its  seat,  and  proceed,  carrying  the  handle  of  the 
operating  valve  in  simple  position. 

52.  Failure  of  Intercepting  or   Reducing:  Valves. 

If  either  of  these  valves  fail  to  operate  properly,  so  that  it  is 
necessary  to  locate  and  remedy  the  trouble,  take  the  head  off 
the  bushing  of  the  valve  causing  the  trouble,  remove  the  valve, 
and  ascertain  and  remedy  if  possible  the  cause  of  the  improper 
operation  of  the  valve. 

53.  Blows. — Blows  that  occur  in  the  slide  valves  and 
piston  packing  of  a  Baldwin  two-cylinder  compound  engine  are 
located  as  in  a  single  engine  by  working  the  compound  engine 
in  simple  position.  Steam  is  required  in  chambers  v  and  Q  to 
hold  the  reducing  valve  closed  and  the  intercepting  valve  in 
compound  position,  as  shown  in  Fig.  19.  Any  mishap  that 
cuts  off  this  steam  supply  will  require  the  engine  to  be  worked 
simple  until  repairs  can  be  made. 

Should  the  reducing  valve  K  not  make  a  tight  joint  in  its 
bushing,  it  will  allow  live  steam  to  flow  into  the  receiver, 
thus  increasing  the  pressure  in  the  low-pressure  cylinder,  and  an 
unequal  amount  of  work  will  be  done  in  the  two  cylinders. 

RICHMOND  COMPOUNB. 


DESCRIPTION. 

54.  General  Arrang^ement. — Fig.  22  is  a  front  view  of 
the  latest  type  of  Richmond  compound  eng^lne,  show- 
ing the  relative  positions  of  the  high-pressure  cylinder  A,  low- 
pressure  cylinder  B,  and  intercepting-valve  chamber  C,  together 
with  the  arrangement  of  the  steam  pipes  D  and  E  and  the 
receiver  YZ.  The  upper  part  of  the  receiver  is  broken  away, 
in  order  that  the  steam  pipes  may  be  seen.  It  will  be  observed 
that  the  steam  pipes  are  of  unequal  diameter.  The  one  marked 
D  is  of  the  usual  size,  and  connects  directly  with  the  steamway 
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(in  the  cylinder  saddle)  that  leads  to  the  high-preesure  steam 
chest;  its  duty  ia  to  supply  steam  to  this  steam  cheat.  The 
pipe  £ia  much  smaller,  being  only  3  inches  in  diameter,  and 
connects  with  a  special  steamway  that  leads  to  a  chamber  sui^ 
rounding  the  reducing  valve.  The  exhaust  passage  from  the 
high-pressure  cylinder  connects  Tvith  the  end  Yof  the  receiver, 


the  other  end  Z  of  which  connects  with  a  special  passage  that 
leads  to  the  intercepting- valve  chamber  0.  Also,  a  passage 
(the  steamway  to  the  low-pressure  cylinder)  leads  from  the 
intercepting  valve  to  the  ateam  chest  of  the  low-pressure 
cylinder,  while  the  exhaust  passage  from  this  cylinder  leads 
directly  to  the  exhaust  pipe  P. 

This  will  be  seen  more  clearly  be  referring  to  Fig.  23,  which 
ia  a  sectional  view  taken  through  the  exhaust  passages.  The 
steam  pipe  D  connects  with  the  steamway  G;  this  steamway 
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divides  into  two  branches,  one  of  which  connects  with  the  back 
end,  and  the  other  (marked  r)  with  tlie  front  end  of  the  eteam 
chest.  The  exhaust  passage  H  leads  to  the  receiver.  On  the 
low-pressure  aide,  /  is  the  chamber  with  which  the  end  Z  of  the 
r  connects,  while  K  is  the  exhaust  passage  that  leads  to 


the  exhaust  pipe.  The  distribution  of  steam  to  the  steam 
cylinders  is  effected  by  means  of  slide  valves  operating  in 
the  steam  chests.  W  is  the  chamber  in  which  the  over-pass 
valves  work, 

55.  Arrangrement  of  Intercepting  Valve,  Etc. — A 
perspective  view  of  the  Richmond  compound  engine  is  given 
in  Fig.  24,  in  which  a  part  of  the  low-pressure  cylinder  and 
the  left  half  of  the  saddle  have  been  broken  away  (on  the  line 
xy,  Fig.  22),  in  order  to  show  the  relative  positions  of  the 
different  valves  and  passages;  also,  the  low-pressure  steam 
chest  has  been  removed.  In  the  figure,  M  is  the  intercepting 
valve,  by  means  of  which  the  exhaust  steam  from  the  high- 
pressure  cylinder  is  discharged  either  into  the  low-pressure 
cylinder  wheu  the  engine  is  working  compound,  or  directly  to 
the  exhaust  pipe  when  it  is  working  simple.  The  valve  N  is 
called  the  emergency  valve,  since,  by  its  use,  the  engineer 
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can  change  the  engine  from  compound  to  simple  at  will.  This 
is  accomplished,  as  will  be  explained  further  on,  by  causing 
the  valve  to  open  a  special  passageway  c  between  chamber  / 
and  the  regular  exhaust  passage  F. 

The  reducing  valve  0  is  merely  a  cylindrical  sleeve  capable 
of  sliding  back  and  forth  a  distance  of  1  inch  on  the  stem  a  of 
tbe  intercepting  valve;  its  duty  is  to  admit  live  steam  at  a 
reduced  pressure  into  the  low-pressure  steam  chest  during  the 
time  the  engine  is  working  simple,  and  to  regulate  the  pressure 
there  to  a  certain  percentage  of  that  of  the  steam  used  in  the 
high-pressure  cylinder.  The  piston  p  on  the  valve  stem  a  acts 
as  an  air  dashpot  for  the  intercepting  valve,  to  prevent  the 
valve  slamming  on  its  seat 

56.  The  chamber  J,  it  will  be  observed,  connects  directly 
with  the  end  Z  of  the  receiver.  The  3-inch  steam  pipe  E  con- 
nects with  the  passage  a  that  ends  in  the  chamber  L  surround- 
ing the  reducing  valve.  The  passage  R  is  the  steam  way  that 
leads  directly  to  the  low-pressure  steam  chest;  it  is  connected 
with  chamber  L  through  the  reducing  valve  0,  and  with 
the  chamber  I  through  the  intercepting  valve  M.  A  cham- 
ber 6  separates  chamber  I  from  the  emergency  exhaust 
passage  c,  and  the  exhaust  passage  leads  directly  to  the  r^ular 
exhaust  passage  F.  The  over-pass  valves  r  are  shown  also, 
while  an  air-discharge  valve  is  connected  with  the  opening  that 
is  directly  below  the  exhaust  valve  N.  The  different  valves  are 
shown  in  their  simple  positions — that  is,  in  the  positions  they 
assume  during  the  time  that  the  locomotive  is  being  worked  as 
a  simple  engine.  As  will  be  seen  by  the  arrows,  the  exhaust 
steam  from  the  high-pressure  cylinder  passes  from  the  en'il  Fto 
the  end  Z  of  the  receiver,  and  thence,  through  chambers  1  and 
b,  exhaust  valve  Ny  and  emergency  exhaust  passage  c,  to  the 
main  exhaust  passage  F  and  the  atmosphere.  At  the  same 
time,  steam  passes  from  the  small  steam  pipe  E  through  the 
passage  a  to  chamber  £,  thence  through  the  reducing  valve  0 
and  passage  R  to  the  low-pressure  steam  chest,  as  indicated  by 
the  arrows.  The  exhaust  steam  from  the  low-pressure  cylinder 
passes  directly  to  the  main  exhaust  passage  F,  as  indicated. 
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57.  Details  of  Inter- 
cepting Valve.  —  This 
valve,  Bometimes  c&lled  the 
automatic  ttarting  valve,  ia 
shown  in  section  in  Fig.  25. 
The  piston  p  screws  on  to 
the  valve  stem  «,  and  is 
held  in  position  by  the  nut 
n  and  cotter  pin  r;  also, 
the  piston  is  fitted  with 
two  packing  rings  a.  The 
valve  stem  a  is  fitted  with 
four  packing  rings  marked 
b,  and  water-packing  grooves 
marked  c-  A  shoulder  d  is 
beveled  at  an  angle  of  45°, 
and  forms  asteam-tight  joint 
on  the  seat  c  on  the  inside 
of  the  valve  0,  Fig.  26.  A 
groove  t  is  cut  in  the 
shoulder  d,  the  purpose  of 
which  will  be  seen  later. 
The  end  e  of  the  valve  M  is 
finished  so  as  to  make  a 
steam-tight  joint  with  its 
seat.  It  will  be  noticed, 
also,  that  two  f-inch  holes 
It  and  V  are  drilled  through 
the  small  end  of  the  valve, 
and  a  steel  plug  is  screwed 
into  the  end  at  w.  The 
object  of  the  holes  u  and  v 
is  to  insure  receiver  pressure 
in  chamber  b,  to  assist  in 
balancing  the  valve  M,  dur- 
ing the  time  it  is  in  com- 
pound position.  The  plug 
10   ia    intended    merely   to 
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plug  up  the  core  hole  to  the  inside  of  the  casting.  The  leakage 
holes  h  are  intended  to  prevent  any  steam  pressure  accumu- 
lating under  the  sleeve,  where  it  would  interfere  with  the  proper 
operation  of  the  valve.  The  steam  leaks  out  through  the  holes 
to  the  bottom  of  the  stem  Sj  and  thence  through  the  passage 
k  in  the  stem  to  the  outer  end  of  the  dashpot,  whence  it  escapes 
to  the  atmosphere  through  the  hole  I  in  the  dashpot  head. 
(See  Fig.  27. ) 

58.  Details  of  Reducinsr  Valve. — The  reducing  valve 
0  is  shown  in  section  in  Fig.  26,  in  which  the  parts  marked  4>  ^j 
and  6  correspond  to  the  parts  similarly  marked  in  Fig.  27.  This 
valve,  as  has  already  been  remarked,  is  in  the  form  of  a  cylin- 
drical sleeve,  the  inside  diameter  of  which  is  just  large  enough 
to  allow  the  sleeve  to  slip  freely  over  the  valve  stem  a.  The 
sleeve  is  fitted  with  six  packing  rings  and  a  water-packing 
groove  6.     The  shoulder  c  is  beveled  at  a  45®  angle,  and  fits 
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on  and  makes  a  steam-tight  joint  with  the  shoulder  d  of  the 
valve  stem  «.  A  hole  j,  \  inch  in  diameter,  is  drilled  through 
the  sleeve  in  such  a  position  that  when  the  intercepting  valve 
is  closed  and  the  reducing  valve  open,  the  hole  is  directly 
above  the  groove  i  in  the  valve  stem,  and  steam  from  chamber  L, 
Fig.  27,  can  then  pass  through  j  into  groove  L  A  45°  beveled 
joint  is  also  made  at/ with  the  piece  J^^  and  the  shoulder  g  is 
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notched  out  as  shown.  The  sleeve  is  about  1  inch  shorter  than 
the  valve  stem  «,  so  that  it  can  be  moved  back  and  forth  on  the 
stem  that  distance.  The  holes  t  are  leakage  holes,  and  serve 
the  same  purpose  as  the  holes  h  of  the  stem. 

59.  Operation  of  Reducing:  Valve. — It  will  be  remem- 
bered that  the  exhaust  steam  from  the  high-pressure  cylinder 
discharges  directly  into  the  receiver;  hence,  when  the  intercept- 
ing valve  M  is  closed,  two  or  three  exhausts  will  fill  the 
receiver  and  chamber  /  with  steam  at  the  r^ular  receiver 
pressure.  It  will  readily  be  seen,  also,  that,  after  the  throttle  is 
closed,  the  low-pressure  cylinder  will  quickly  relieve  the  receiver 
and  chamber  /of  all  pressure  by  withdrawing  the  steam  from 
them ;  hence,  there  will  be  no  pressure  in  the  receiver  by  the 
time  the  engine  is  to  be  started. 

When  the  throttle  is  opened  in  starting  the  locomotive,  steam 
flows  from  the  boiler  into  the  high- pressure  steam  chest  through 
the  steam  pipe  D,  Fig.  24,  and  also  into  chamber  L  surrounding 
the  reducing  valve  through  the  3-inch  pipe  J^and  passage  a.  The 
steam  in  chamber  L  exerts  a  pressure  on  the  shoulder  g  of  the 
sleeve,  tending  to  move  the  sleeve  and  intercepting  valve  into  the 
simple  position,  as  shown  in  Fig.  27;  and,  since  there  is  no  pres- 
sure in  chamber  /  (the  engine  not  having  exhausted  yet),  the 
valves  are  forced  into  that  position,  thus  closing  the  valve  M 
and  allowing  live  steam  at  a  reduced  pressure  to  flow  into  the 
passage  R  and  the  low-pressure  steam  chest,  as  indicated  by 
the  arrows.  This  live  steam  raises  the  pressure  in  chamber 
R  until  it  is  a  little  less  than  half  that  exerted  by  the  live 
steam  in  chamber  L\  it  then  exerts  sufficient  force  on  the  end  n 
and  surface  z  of  the  sleeve  to  overcome  the  force  exerted  on  the 
shoulder  g^  and  the  sleeve,  consequently,  is  moved  forwards  on 
the  stem  a  until  it  closes  the  passageway  between  the  chambers 
L  and  i2,  as  shown  in  Fig.  28,  and  cuts  off  the  supply  of  live 
steam  from  chamber  R.  A  reduction  of  pressure  in  chamber  R 
again  causes  the  reducing  valve  to  move  into  the  position  shown 
in  Fig.  27.  Thus,  by  opening  and  closing  the  passage  between 
chambers  L  and  i2,  as  described,  the  reducing  valve  maintains  a 
pressure  in  the  chamber  R  that  is  about  four-tenths  that  of  the 
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live  steam  in  chamber  L]  hence,  the  pressure  of  the  steam  used 
in  the  low-pressure  cylinder,  when  the  engine  is  working  simple, 
is  about  four-tenths  that  used  in  the  high-pressure  cylinder,  this 
ratio  of  pressure  being  maintained  in  order  to  make  the  total 
force  exerted  on  the  high-pressure  and  low-pressure  pistons 
equal,  the  area  of  the  latter  piston  being  made  two  and  one-half 
times  the  area  of  the  former. 


OPERATION. 

60.  As  a  Compound  locomotive. — ^Assume  that  the 
locomotive  is  to  be  started  as  a  compound  engine.  When  the 
throttle  is  opened,  steam  flows  into  the  high-pressure  steam 
chest,  and  thence  into  one  end  of  the  high-pressure  cylinder; 
at  the  same  time  steam  flows  into  chamber  L,  opens  the 
reducing  valve,  and  closes  the  intercepting  valve,  and  then 
passes  on  to  the  low-pressure  steam  chest  and  cylinder.  There- 
fore, in  starting  compound,  both  the  high-pressure  and  the  low- 
pressure  cylinders,  for  a  few  seconds,  receive  steam  directly 
from  the  boiler;  the  live  steam  for  the  low-pressure  cylinder, 
however,  is  reduced  by  the  reducing  valve  to  the  required 
pressure.  As  the  locomotive  moves  forwards,  the  high-pressure 
cyhnder  exhausts  into  the  receiver  at  every  revolution  of  the 
drivers,  and,  since  the  intercepting  valve  is  closed,  the  exhaust 
steam  accumulates  and  raises  the  pressure  in  the  receiver,  until, 
after  three  or  four  exhausts,  the  pressure  has  increased  sufii- 
ciently  to  force  the  intercepting  and  the  reducing  valves  forwards 
to  their  compound  positions,  as  shown  in  Fig.  29.  Closing  the 
reducing  valve  cuts  off  the  live  steam  from  the  low-pressure 
cylinder,  and  this  cylinder  is  then  supplied  with  exhaust  steam 
from  the  receiver,  the  steam  passing  through  the  intercepting 
valve  to  the  low-pressure  steam  chest.  It  will  thus  be  seen 
that,  when  starting  the  locomotive  in  compound  position,  it 
works  as  a  simple  engine  for  two  or  three  revolutions,  and  then 
automatically  changes  to  compound. 

From  the  foregoing,  it  will  be  seen  that  the  valves  are  wholly 
automatic  in  their  action  during  the  time  the  engine  is  working 
compoimd;  that  is,   in  starting  the  locomotive,  the  reducing 
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valve  opens  and  the  intercepting  valve  closes  automatically, 
and  they  remain  thus  until  the  exhaust  steam  from  the  high- 
pressure  cylinder  raises  the  pressure  in  the  receiver  to  the 
required  amount,  whereupon  the  intercepting  valve  opens  and 
the  reducing  valve  closes  automatically.  The  valves  are  then 
in  their  compound  positions,  and  they  remain  there  as  long  as 
the  engine  is  working  compound.  The  intercepting  valve  is 
automatically  closed  by  the  pressure  of  the  steam  on  the 
shoulder  g  of  the  reducing  valve,  as  already  explained.  The 
reason  it  opens  automatically  is  as  follows:  The  front  end  of 
the  valve  is  larger  than  the  back  end;  besides  this,  the  pressure 
on  the  small  end  is  balanced;  hence,  the  valve  is  unbalanced, 
and  any  pressure  in  the  receiver  will  give  it  a  tendency  to  open. 
As  the  pressure  in  the  receiver  increases,  this  tendency  increases, 
until,  finally,  it  is  great  enough  to  move  the  valve  forwards, 
thus  opening  it. 

61.  As  a  Simple  Ijocomotive. — It  may  be  necessary  in 
starting  a  very  heavy  train,  or  in  order  to  avoid  stalling  on  a 
grade,  to  work  the  engine  simple  for  a  time  until  the  train  is 
fairly  under  way  or  the  danger  of  stalling  is  past,  after  which  it 
should  be  changed  to  compound.  To  do  this,  however,  it  is 
necessary  that  the  engineer  be  provided  with  some  means  by 
which  he  can  convert  the  engine  from  compound  to  simple  and 
back  again  at  will.  In  the  Richmond  compound  this  is  pro- 
vided for  as  follows:  The  chamber  x.  Fig.  30,  back  of  the 
emergency  valve  iV,  is  connected  by  means  of  a  pipe  /  with  an 
operating  valve  V  situated  conveniently  in  the  cab.  When  the 
engineer  wishes  to  work  the  engine  simple,  he  turns  the 
handle  of  the  valve  V  to  the  position  marked  drnpU]  this 
admits  steam  through  the  pipe  /  to  the  space  x  back  of  the 
valve  N,  and  forces  the  valve  forwards,  thus  opening  it 

When  the  valve  N  is  closed,  the  pressure  in  chamber  b  is 
maintained  equal  to  that  in  chamber  /  through  the  two  f-inch 
holes  u  and  r;  hence,  while  the  exhaust  valve  A'' is  closed,  the 
pressure  on  the  small  end  of  the  intercepting  valve  M  is 
])alanced.  When  the  valve  N  is  opened,  however,  the  pressure 
in  chamber  b  escapes  through  the  valve  NsLtid  the  passage  c  into 
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the  main  exhaust  passage  F^  thus  removiug,  practically,  all  the 
pressure  from  that  face  of  the  intercepting  valve  M  that  is  in 
chamber  6.  The  combined  pressures  of  the  steam  in  chamber  / 
on  the  small  end  of  the  valve  3f,  together  with  that  of  the  steam 
in  chamber  L  on  the  shoulder  g^  Fig.  26,  of  the  sleeve,  is  then 
great  enough  to  overcome  the  pressure  of  the  steam  in 
chamber  /  on  the  large  end  of  the  valve  M\  consequently,  if 
the  valves  are  not  already  in  their  simple  positions,  they  will  be 
moved  there.  When  the  valves  have  assumed  their  simple 
position.  Fig.  30,  live  steam  passes  through  the  reducing  valve 
and  passage  R  into  the  low-pressure  steam  chest,  while  the 
exhaust  steam  from  the  high-pressure  cylinder  flows  directly  into 
the  atmosphere  through  the  receiver,  emergency  valve  JV,  emer- 
gency exhaust  port  c,  the  main  exhaust  passage  jP,  and  the 
exhaust  pipe,  as  indicated  by  the  arrows.  As  long  as  the 
handle  of  the  operating  valve  is  left  in  the  position  marked 
simple^  the  engine  will  work  as  a  simple  engine;  but,  when  it  is 
turned  to  the  position  marked  compound^  the  pressure  in  pipe  / 
and  chamber  x  is  removed,  and  the  pressure  of  the  exhaust 
steam  against  the  back  head  of  the  valve  N,  together  with  the 
action  of  the  spring,  causes  the  valve  N  to  close.  This  closes 
the  only  outlet  from  the  receiver;  hence,  the  exhaust  steam 
from  the  high-pressure  cylinder  raises  the  pressure  in  the 
receiver  until  it  is  sufficient  to  open  the  intercepting  valve,  and 
thus  automatically  converts  the  engine  into  a  compound. 


OPEBATING    ANI>    PROTECTIVIB    DEVICES. 

62,  Operating  Valve. — In  Fig.  31  is  given  a  sectional 
view  of  the  emergency  operating  valve  used  in  connec- 
tion with  the  Richmond  compound.  The  connection  X  is 
screwed  into  the  steam  turret;  the  pipe  /,  Fig.  30,  that  leads  to 
the  emergency  valve,  connects  at  F,  while  a  pipe  connected  to  Z 
leads  to  the  atmosphere.  The  valve  7  is  a  double-seated  valve, 
operated  by  means  of  the  handle  H^  and  is  moved  from  one 
of  its  seats  to  the  other  by  a  half  turn  of  the  handle.  The 
operating  valve  is  usually  so  placed  on  the  turret  that  the 
engine    is    working   compound    when    the    handle    points    to 
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the  front,  and  is  working  simple  when  the  handle  points  to  the 
rear.     The  tapped  hole  0  (J-inch  pipe)  is  for  a  small  oil  cup. 

The  valve  operates  as  follows:  When  the  handle  points  to 
the  front,  as  in  the  figure,  the  valve  V  is  in  the  position  shown, 
in  which  position  the  chamber  x  and  pipe  /,  Fig.  30,  are  open 
to  the  atmosphere  through  the  opening  of  the  valve  V  and  the 
connection  Z.  This  is  the  compound  position  of  the  operating 
valve.  When  the  handle  is  moved  so  as  to  point  to  the  rear, 
the  valve  V  is  raised  to  its  upper  seat,  thus  closing  the  valve 
opening  to  connection  Z,  and  opening  that  to  connection  X 
Steam  can  now  flow  from  the  boiler  through  X,  past  valve  F, 
out  at  Y  into  the  pipe  /,  and  so  into  the  chamber  a;,  back  of 
the  emergency  valve  JV,  thus  opening  the  valve  and  causing 
the  engine  to  work  simple. 

63.  Over- Pass  Valves. — Considerable  trouble  has  been 
experienced  with  compound  locomotives  on  account  of  the 
action  they  have  on  the  fire  when  drifting  down  grade  with 
steam  shut  off.  While  this  trouble  is  present  to  a  small 
extent  in  engines  having  small  cylinders,  it  is  especially  notice- 
able in  compounds  in  which  the  large  low-pressure  cylinder  is 
connected  directly  with  the  exhaust.  When  drifting,  the  air 
drawn  into  the  cylinders  through  the  relief  valves  is  compressed 
by  the  pistons,  which  act  as  air  compressors,  and  thumping  and 
rough  riding  of  the  engine  result;  also,  the  cylinders  are  cooled 
considerably  by  the  air  drawn  in,  and,  after  being  compressed, 
the  air  is  discharged  through  the  stack  and  creates  a  draft  that 
causes  the  fire  to  burn  more  than  is  desirable.  The  over-pass 
valves  of  the  Richmond  compound  were  designed  with  the 
object  of  preventing  the  above-mentioned  evils.  As  will  be  seen 
at  TT,  Fig.  24,  they  are  placed  together  within  a  special  chamber 
made  in  the  cylinder  casting,  just  below  the  steam  chest, 

Sectional  views  of  the  over-pass  valves  are  given  in  Fig.  32 
(a)  and  (6),  in  which  (a)  shows  the  position  of  the  valves 
when  steam  is  being  used,  and  (6)  shows  the  position  of  the 
valves  when  the  locomotive  is  drifting  with  steam  shut  off. 
Fig.  82  is  not  a  strictly  accurate  section  of  the  parts  and  pas- 
sages shown,  but  is  so  constructed  as  to  show  in  effect  just  what 
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the  connectioDB  are.  Referring  to  the  figure,  a  and  b  represent 
the  two  Bteam  paeeagee  that  lead  from  the  elide- valve  seat  to  the 
two  ends  of  the  low-pressure  cylinder,  c  represents  the  chamber 
connecting  with  the  exhaust  passage  F,  Fig.  30,  while  d  and  e 
are  the  paesages  connecting  with  the  supply  ports  in  the  steam 
cheet  The  space  S  between  the  valves  X  and  Y  is  connected 
with  the  Bteam  passages  a  and  b  by  the  ports  /  and  g,  respect- 
ively. The  spaces  U  and  V  are  connected  with  the  passages 
d  and  e  by  means  of  the  ports  k  and  t,  respeotively.  The  edge 
of  the  inner  faces  of  the  valves  X  and  Y  are  beveled  so  as  to 


make  a  steam  joint  with  the  seats  m  an4  »■  The  two  pistons 
r  and  $  are  necessary  to  cushion  the  movements  of  the  valves 
6' and  Fand  prevent  slamming,  for  these  valves  (sometimes  made 
6  inches  in  diameter)  have  a  rapid  motion.  The  operation  of 
the  valves  is  as  follows:  As  long  as  the  throttle  is  open,  the 
passages  d  and  e,  and,  consequently,  the  chambers  U  and  V, 
are  filled  with  steam  and  the  over-pass  valves  are  held  closed, 
as  shown  in  view  (a);  when  the  throttle  is  closed,  however, 
and  the  locomotive  is  allowed  to  drift,  a  vacuum  forms  in  the 
steam  chest      This  causes  a  vacuum  to  form  in  chambers  U 


54  COMPOUND  LOCOMOTIVES.  §10 

and  V,  and  the  valves  X  and  Y  are  forced  apart  into  the 
positions  shown  in  view  (6),  This  opens  a  passt^e  from  one 
end  of  the  cyHnder  to  the  other,  bo  that  the  air  that  is  being 
compressed  ahead  of  tlie  piston  is  free  to  Sow  into  the  other 
end  of  tlie  cyHnder,  as  shown  by  the  arrows,  thus  preventing, 
to  a  considerable  extent,  the  formation  of  a.  vacuum  there. 
The  space  S  between  the  valves  is  connected  to  the  atmosphere 
through  the  email  vent  i>,  as  it  was  found  advisable  to  admit 


some  external  air  in  order  to  prevent  the  cylinder  from  becom- 
ing overheated  by  the  heat  generated  in  churning  the  air  back 
and  forth  in  the  cylinder.  Also,  the  vent  helps  to  prevent  a 
vacuum  from   being  formed.     The  over-pass  valves  are  only 

applied  to  the  low-pressure  cylinder. 
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64.  Automatic  Alr-Dlscliarg^e  Valve. — A  sectiona] 
view  of  the  air-discharge  valve  K  (see  Fig.  27)  is  shown  in 
Fig.  33.  As  will  be  seen,  the  stem  on  the  valve  Fis  provided 
with  jthree  packing  rings  to  make  it  steam-tight  The  pipe  y 
oonnecta  with  the  live-steam  passage  that  leads  to  the  low- 
pressure  steam  chest,  so  that  there  is  direct  connection  between 
that  steam  chest  and  chamber  Z.  The  chamber  X  is  in  direct 
connection  with  the  exhaust  passage  c,  Fig.  30.  The  action  of 
the  valve  is  as  follows:  Chamber  Z  is  filled  with  steam  as  long 
as  the  throttle  is  opened,  and  the  steam  exerts  a  pressure  on 
the  end  of  the  valve  stem  that  holds  the  valve  V  up  against 
its  seat,  as  shown.  When  the  throttle  is  closed,  however, 
the  valve  drops  down  and  a  direct  opening  is  made  between 
the  exhaust  passage  c  and  the  atmosphere,  as  indicated  by  the 
arrows.  Thus,  when  the  locomotive  is  drifting,  air  can  pass 
either  from  or  to  the  low-pressure  cylinder  through  the  air- 
discharge  valve  without  passing  through  the  exhaust  pipe,  and 
the  result  is  that  the  action  on  the  fire,  caused  by  the  discharge 
of  air  from  the  cylinder  through  the  exhaust  pipe,  is  very  much 
modified,  while  sparks  and  hot  gases  are  prevented  from  being 
drawn  into  the  cylinder. 


OPERATINO. 

65.  Starting:  a  Train.  —  Under  ordinary  conditions,  a 
Richmond  compound  will  start  a  train  of  moderate  weight 
with  the  operating  valve  in  the  compound  position,  so  to  start 
such  a  train,  place  the  reverse  lever  in  the  comer,  turn  the 
handle  of  the  operating  valve  so  that  it  points  towards  the 
front  end  (compound  position),  open  the  cylinder  cocks,  and, 
last  of  all,  open  the  throttle;  gradually  hook  up  the  reverse 
lever  as  the  speed  of  the  train  increases,  until  it  is  in  the 
proper  running  notch. 

In  starting  on  grades  or  in  starting  a  heavy  train,  the  engine 
should  be  worked  simple  until  it  has  the  train  moving  freely, 
when  it  should  be  worked  compound.  In  other  words,  to  start 
on  a  heavy  grade  or  to  start  a  heavy  train,  place  the  reverse 
lever  in  the  comer,  open  the  cylinder  cocks,  move  the  handle 
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of  the  operating  valve  to  simple  position  (pointing  to  the  rear), 
and  then  open  the  throttle.  As  soon  as  the  train  is  moving 
freely,  and  it  is  possible  to  work  the  engine  compound,  do  so, 
hooking  up  the  reverse  lever  as  the  speed  of  the  train  warrants, 
until  it  is  in  the  proper  position. 

66.  Use  of  Operating:  Valve. — ^The  engine  should  be 
worked  simple  only  when  it  is  absolutely  necessary,  as  in  the 
cases  just  cited,  or  when  in  danger  of  stalling,  and  it  should 
be  converted  to  compound  again  as  soon  as  practicable,  since 
the  economy  of  the  locomotive  is  very  much  reduced  when 
working  simple,  and,  besides,  the  exhaust  has  a  very  severe 
action  on  the  fire  at  such  times.  It  should  be  remembered  that 
the  reverse  lever  must  first  be  placed  in  the  comer  before  the 
operating  valve  is  moved  to  simple  position,  and  that  the  lever 
must  remain  in  the  comer  as  long  as  the  operating  valve 
remains  in  simple  position,  the  handle  of  the  operating  valve 
always  being  moved  to  compound  position  before  the  reverse 
lever  is  hooked  up.  Also,  the  operating  valve  should  only  be 
used  at  speeds  of  less  than  8  miles  per  hour. 

67.  Reverse  liever  and  Throttle. — When  using  the 
reverse  lever,  it  must  be  remembered  that  the  best  position  of 
the  lever  for  a  compound  is  somewhere  between  that  of  half 
cut-off  and  the  corner,  the  exact  notch  depending,  of  course,  on 
the  controlling  conditions,  such  as  the  load,  grade,  speed,  etc. 
It  must  be  remembered,  also,  that  the  train  should  be  handled 
by  means  of  the  reverse  lever  rather  than  by  the  throttle;  when 
working  compound,  the  lever  can  be  dropped  much  lower  with- 
out tearing  the  fire,  and  this  should  be  taken  advantage  of  when 
necessary.  The  throttle  should  be  carried  as  wide  open  as 
possible  under  the  circumstances,  and  the  engineer  should  use 
good  judgment  in  this  respect.  Under  some  conditions  it  may 
be  found  advantageous  and  more  economical  to  close  the 
throttle  slightly  and  to  drop  the  reverse  lever  a  notch,  rather 
than  to  run  with  the  throttle  wide  open;  but  it  should  be  borne 
in  mind  that  the  best  economy  will  result  if  the  throttle  is 
always  carried  as  wide  open  as  the  controlling  conditions  will 
permit.     It  is  important,  also,  that  the  cylinder  cocks  should 
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always  be  open  when  starting,  as,  at  first,  condensation  is 
very  rapid,  especially  in  the  high-pressure  cylinder,  and  the 
resulting  water  greatly  increases  the  danger  of  knocking  out  a 
cylinder  head,  should  slipping  occur. 

68.  Drifting:. — It  is  very  important  that  the  reverse  lever 
of  an  engine  be  carried  near  the  comer  when  drifting  with  the 
throttle  closed,  and  this  should  not  be  overlooked.  The  over- 
pass valves  of  the  Richmond  type  are  of  great  service  when 
drifting,  and  they  should  receive  suflBcient  attention  to  keep 
them  in  good  working  order.  Failure  of  the  over-pass  valves  to 
operate  will  be  manifested  by  a  blow  through  the  vent  v  in  the 
over-pass  valve  casing,  Fig.  32,  when  working  steam,  and  by  a 
disagreeable  thumping  when  the  engine  is  drifting  with 
throttle  closed. 

69.  Olllngr  the  Cylinders  and  Valves. — One  of  the  two 

cylinder  feeds  of  the  lubricator  is  connected  to  the  high- pressure 
steam  chest  in  the  usual  manner,  but  the  oil  pipe  from  the 
other  feed,  instead  of  leading  to  the  low-pressure  steam  chest,  is 
connected  at  e.  Fig.  27,  to  the  live-steam  passage  a  that  leads  to 
chamber  L.  When  the  locomotive  is  working  compound, 
therefore,  and  the  reducing  valve  is  closed,  it  is  impossible  for 
oil  to  pass  from  the  oil  pipe  at  c  to  the  low-pressure  cylinder; 
hence,  lubrication  of  the  cylinders  at  such  times  is  accomplished 
by  means  of  the  high-pressure  feed  only,  and  the  other  feed  is 
stopped,  as  any  oil  delivered  by  it  would  only  be  wasted. 
The  feed  to  the  high-pressure  steam  chest  should  be  set  to  feed 
from  6  to  10  drops  per  minute  while  running  under  ordinary 
conditions,  the  feed  being  increased  when  the  steam  is  wet  and 
during  such  times  as  the  locomotive  is  being  forced. 

70.  When  starting  simple^  allow  several  drops  of  oil  to 
pass  through  the  feed  to  the  low-pressure  side,  so  as  to  lubricate 
the  intercepting  valve,  but  shut  off  immediately  when  the 
engine  is  converted  to  compound.  When  starting  compound, 
allow  about  6  drops  to  feed  to  the  low-pressure  side.  During 
such  times  as  it  is  necessary  to  run  the  locomotive  simple, 
reduce  the  feed  to  the  high-pressure  cylinder,  and  start  the  feed 
on  the  low-pressure  side;  the  oil  for  the  low-pressure  side  can 
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then  pass  with  the  steam  through  the  reducing  valve  into  the 
low-pressure  cylinder.  Feeding  oil  into  the  intercepting  valve 
is  to  be  avoided  as  much  as  possible,  since  it  has  a  tendency  to 
gum  up  the  small  packing  rings.  The  small  oil  cup  that  is 
screwed  into  the  connection  0  of  the  operating  valve,  Fig.  31, 
should  be  filled  with  cylinder  oil,  and  one  cupful  will  provide 
the  exhaust  valve  N  with  sufficient  lubrication  for  two  days, 
provided  the  oil  is  properly  used. 


BREAKDOTVN9. 

71.  Broken   Main    Rod:     Higrh -Pressure    Side. — In 

the  event  of  a  main  rod  breaking  on  the  high-pressure  side, 
take  it  down,  disconnect  the  valve  rod  of  that  side  and  clamp  it 
in  the  center  of  its  seat,  move  the  piston  to  the  back  end  of  the 
cylinder,  and  securely  block  the  crosshead  so  as  to  hold  it  there; 
then  move  the  handle  of  the  operating  valve  to  the  simple  posi- 
tion, and  run  in  with  the  low-pressure  side.  The  low-pressure 
cylinder  will  receive  live  steam,  at  a  reduced  pressure,  through 
the  reducing  valve,  and  hence  will  act  as  a  simple  engine. 

72.  Broken  Main  Rod:   Ijow-Pressure  Side. — If  the 

broken  rod  is  on  the  low-pressure  side,  take  it  down,  disconnect 
the  valve  rod  and  clamp  it  in  the  center  of  its  seat,  block  the 
crosshead  so  that  the  piston  will  be  in  the  back  end  of  the  cylin- 
der, move  the  operating  valve  to  the  simple  position,  and  run  in 
with  the  high-pressure  side.  The  exhaust  steam  from  the  high- 
pressure  cylinder  will  escape  directly  to  the  atmosphere  through 
the  emergency  exhaust  passage  c,  and,  while  steam  can  enter 
the  low-pressure  steam  chest  through  the  reducing  valve,  it  can 
go  no  farther. 

73.  Broken  Valve  Stem. — In  the  event  of  a  valve  stem 
breaking,  proceed  exactly  as  if  the  main  rod  on  that  side  had 
been  broken. 

74.  Blows. — In  the  Richmond  compound,  blows  in  the 
slide  valves  and  piston  packing  are  located  the  same  as  in 
simple  engines,  by  operating  the  compound  as  a  simple  engine. 
If  the  reducing  valve  does  not  make  a  tight  joint  with  the  fitting 
J,  Fig.  29,  live  steam  from  chamber  L  will  find  its  way  into  the 
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low-pressure  cylinder,  causing  a  greater  amount  of  work  to  be 
done  by  that  side  of  engine  than  was  intended,  with  a  conse- 
quent strain  of  parts  and  loss  of  steam  when  working  compound. 
In  running  along  where  a  very  light  throttle  is  required,  the 
exhausting  steam  from  the  high-pressure  side  may  not  have 
sufficient  pressure  to  hold  the  intercepting  valve  in  the  com- 
pound position,  so  that  the  reducing  valve  will  operate  and 
allow  some  live  steam  to  get  into  the  low-pressure  cylinder; 
when  this  occurs,  the  engine  burns  a  great  deal  of  coal  and  uses 
too  much  water.  Should  the  emergency  valve  N  not  make  a 
tight  joint  on  its  seat,  the  result  will  be  that  a  portion  of  the 
receiver  steam,  which  finds  its  way  through  the  holes  a  and  v, 
will  pass  by  the  leaky  valve  N  and  cause  a  blow  at  the  stack 
between  exhausts  when  the  engine  is  working  compound. 

If  the  vent  hole  I  in  the  dashpot  head  becomes  stopped  up,  or 
the  packing  rings  on  the  reducing  valve  leak  so  badly  that  this 
opening  I  cannot  allow  the  steam  to  escape,  the  intercepting 
valve  cannot  move  to  the  simple  position  even  when  the  emer- 
gency valve  is  open,  and  it  is  sometimes  necessary  to  take  ofif 
the  cap  and  push  the  intercepting  valve  to  the  simple  position. 

In  case  a  low-pressure  steam  chest  is  broken,  or  in  the  event 
of  any  mishap  that  necessitates  the  placing  of  a  gasket  in  the 
joint  of  the  small  steam  pipe  E,  in  order  to  get  the  engine  in  on 
one  side,  the  intercepting  valve  should  be  removed  and  the 
reducing  valve  forced  over  against  the  dashpot  head  and  secured 
there,  after  which  replace  the  intercepting  valve,  disconnect 
properly,  as  in  the  case  of  a  simple  engine,  and  with  the  oper- 
ating valve  in  simple  position,  run  in  with  one  side. 

In  the  event  of  the  pipe/  being  broken  so  that  pressure  can- 
not be  admitted  to  chamber  x,  Pig.  30,  the  emergency  valve  may 
be  opened,  to  cause  the  engine  to  work  simple,  by  removing  the 
spring  on  the  spindle,  pushing  the  valve  in  by  means  of  the 
rod,  and  fastening  it  there.  If  the  large  head  of  the  valve  M 
does  not  make  a  tight  joint  on  its  seat  when  working  simple, 
steam  will  leak  by  to  the  high-pressure  exhaust  and  will  cause 
a  poor  showing  in  economy  in  coal  and  water. 

Sometimes  the  reducing  valve  becomes  stuck  on  the  stem  of 
the  intercepting  valve  in  such  a  way  that  it  will  not  operate  to 


60 


COMPOUND  LOCOMOTIVES. 


§10 


allow  live  steam  to  flow  from  chamber  L  to  chamber  R  in  work- 
ing simple,  or  it  may  be  stuck  in  its  other  position  so  as  to 
allow  steam  at  boiler  pressure  to  go  into  the  low-pressure  cylin- 
der. To  remedy  this,  the  stem  8  should  be  cleaned  and  lubri- 
cated.   

SCHEITECTADY   COMPOITNT), 


DBSCRIPTION. 

75.     General  Arrang^ement. — The  general  arrangement 
of  the  high-pressure    cylinder    A^   low-pressure  cylinder  B, 


Fio.  S4. 


intercepting- valve  chamber  C,  the  arrangement  of  the  steam 
pipes  D  and  E^  and  the  receiver  Y  Z  in  the  latest  type  of 
Schenectady  compound  are  shown  in  Fig.  34.     The  upper 
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part  of  the  receiver  has  been  broken  away,  to  show  more  clearly 
the  arrangement  of  the  steam  pipes,  while  the  lower  part  of  the 
figure  presents  a  sectional  view  of  the  saddle  and  cylinders  with 
the  steam-chest  covers  removed.  It  will  be  observed  that  the 
exhaust  passage  from  the  high-pressure  cylinder  A  connects 
directly  with  the  end  Y  of  the  receiver,  the  end  Z  of  which  leads 
to  the  chamber  /surrounding  the  upper  side  of  the  intercepting 
valva  Also,  it  will  be  noticed  that  a  chamber  G  surrounds 
the  lower  side  of  the  intercepting  valve,  and  connects  the  two 
ends  of  the  low-pressure  steam  chest  by  means  of  a  divided 
passage — the  front  branch  S  of  which  is  shown.  The  exhaust 
passage  F  from  the  low-pressure  cylinder  leads  directly  to  the 
exhaust  pipe  P.  The  distribution  of  steam  to  the  cylinders  is 
cfiFected  by  means  of  slide  valves  in  the  steam  chests. 

76.     Arrangement    of  Valves    and    Passages. — The 

arrangement  of  the  several  valves  of  the  Schenectady  compound 
is  shown  in  perspective  in  Fig.  35,  part  of  the  low-pressure 
cylinder  and  the  left  half  of  the  saddle  having  been  broken 
away  (on  the  line  xy,  Fig.  34),  in  order  to  show  the  relative 
positions  of  the  valves  and  passages.  In  the  figure,  M  is  the 
intercepting  valve  that  controls  the  passages  m  and  n  leading 
from  chamber  I  to  chamber  G.  The  valve  N  is  the  emergency 
exhaust  valve  that  controls  the  opening  from  chamber  /  to  the 
emergency  exhaust  passage  c.  The  reducing  valve  0  admits 
live  steam  at  a  reduced  pressure  into  chamber  G,  and  regulates 
the  pressure  there  to  the  required  amount  durhig  the  time  that 
the  engine  is  working  simple. 

The  smaller  steam  pipe  E  leads  into  a  chamber  Z,  which  ends 
in  another  chamber  that  entirely  surrounds  one  end  of  the 
intercepting- valve  bushing.  The  chamber  e  also  surrounds  the 
intercepting-valve  bushing  and  opens  into  chamber  G  on 
the  bottom  side.  The  chamber  c  entirely  surrounds  the  bush- 
ing of  valve  JV,  and  connects  with  the  emergency  exhaust 
passageway  that  leads  directly  into  the  exhaust  passage  R 
The  chamber  G,  as  has  already  been  stated,  divides  into  two 
passages  R  and  S,  the  former  of  which  leads  to  the  back  end, 
and  the  latter  to  the  front  end,  of  the  low-pressure  steam  chest. 
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The  exhaust  passage  F  passes  below  chamber  0  and  behind 
chamber  /,  and  leads  into  the 
exhaust  pipe  P.  The  small 
pipe  6  leads  to  the  operating 
valve  in  the  cab. 

77.  Interceptlnir  Talve. 
From  the  sectional  view  given 
in  Fig.  36  (a),  it  will  be  seen 
that  the  intercepting  valve 
consists  of  three  parts,  marked 
f,  g,  and  k.  The  end  i  of 
part  /  is  carefully  finished, 
also  a  hole  j  is  cut  in  the 
top  of  /,  and  the  parts  /  and 
g  are  connected  by  a  rib  ^  ^ 
inch  thick.  The  second  part 
is  cylindrical  also,  and  forms 
a  chamber  g  into  which  the 
ports  marked  a  open.  Two 
ribs,  at  right  angles  to  each 
other,  divide  chamber  g  into 
four  compartments,  and  each 
compartment  is  provided  with 
a  port,  the  ribs  being  broken 
away  in  the  figure  to  show 
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the  ports.  There  is  a  circular  opening  v  in  the  end  w  through 
which  the  reducing  valve  0  works.  The  third  part  of  the 
intercepting  valve  forms  a  cylindrical  chamber  h  having  a 
number  of  ports  marked  d  leading  into  it;  also,  it  is  con- 
nected with  chamber  g  through  the  opening  v.  The  second 
part  g  is  fitted  with  two  snap  packing  rings  r,  and  a  water- 
packing  groove  «,  while  the  port  h  has  water-packing  grooves 
8  and  a  packing  ring  t.  Small  holes  I  permit  steam  to  flow 
from  chamber  h  back  of  the  ring  t,  and  thus  press  it  firmly 
against  the  valve  bushing  during  the  time  chamber  h  is  filled 
with  steam.  Also,  a  small  hole  p  connects  chamber  Q  with 
the  space  back  of  the  reducing  valve  0,  while  chamber  Q 
is  connected  with  the  atmosphere  through  the  drip  pipe  q. 
A  piston  r,  the  rod  of  which  is  keyed  to  the  intercepting  valve, 
as  shown,  operates  in  a  cylinder  filled  with  oil,  and  forms  an  oil 
dashpot  that  prevents  the  intercepting  valve  slamming.  As  the 
piston  T  moves  in  either  direction,  it  compresses  the  oil  ahead 
of  it,  and  thus  forces  the  oil  through  the  passage  H  and  the 
plug  valve  /  into  the  other  end  of  the  cylinder.  The  rapidity 
with  which  the  piston  will  move  depends  on. how  fast  the  oil 
can  pass  through  the  valve  /;  and  the  object  of  valve  /,  there- 
fore, is  to  provide  a  means  of  regulating  the  movement  of  the 
piston  r,  and  hence  of  the  intercepting  valve  M,  If  the  valve 
J  is  wide  open,  the  movement  of  the  intercepting  valve  will  be 
too  rapid,  and  the  valve  will  slam  on  its  seat;  by  turning  the 
valve  /  gradually  in  the  direction  to  close  it,  the  movement  of 
the  intercepting  valve  will  become  slower  and  slower,  and  will 
entirely  cease  when  the  valve  is  fully  closed.  To  allow  the 
intercepting  valve  to  move  faster,  therefore,  the  valve  /  should 
be  opened  a  little  wider;  to  make  the  movement  slower,  the 
valve  /  should  be  partly  closed.  View  (6)  is  a  sectional  view 
of  the  oil  dashpot,  taken  at  right  angles  to  that  shown  in  (a). 
The  plug  valve  /,  it  will  be  observed,  must  be  turned  with  a 
wrench.  The  **feather*'  k  extends  the  full  length  of  the 
cylinder,  and  the  piston  T  is  -cut  out  to  receive  it,  so  that  the 
feather  prevents  the  piston  turning  in  its  cylinder;  and  since 
the  stem  of  piston  T  is  keyed  to  the  intercepting  valve  by  the 
key  £,  the  valve,  also,  is  kept  from  turning.     The  oil  cylinder  is 
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filled  by  removlDg  the  screw  plug  n;    it  should  always  be 
kept  full  of  oil. 

78.  Reduclngr  Valve. — ^The  reducing  valve  0,  Pig.  36,  is 
free  to  move  "back  and  forth  a  distance  of  about  J  inch  between 
pistons  S  and  4-  The  valve  is  bored  out  to  a  neat  fit  for 
the  piston  S,  which  forms  a  dashpot  that  prevents  slamming, 
while  piston  ^  acts  as  a  guide  for  the  valve.  Two  packing  rings 
are  provided  to  prevent  the  leakage  of  steam  back  of  the  valve, 
while  the  outlet  p  permits  any  steam  that  may  leak  by  to  escape 
to  chamber  Q  and  thence  to  the  atmosphere  through  the  drip 
pipe  q.  Atmospheric  pressure,  therefore,  is  always  maintained 
back  of  the  reducing  valve.  Steam  pressure  in  chamber  g  actfi 
on  the  entire  face  of  the  valve  0  (4-  being  only  an  easy  fit  in  0), 
while  the  area  exposed  to  the  steam  in  chamber  h  is  less  than 
half  as  much;  hence,  when  the  pressure  in  chamber  g  is  some- 
thing less  than  half  the  pressure  in  chamber  A,  it  will  close 
the  reducing  valve.  In  other  words,  when  the  pressure  in 
chamber  g  exceeds  a  certain  percentage  of  that  in  chamber  A,  it 
will  close  the  reducing  valve;  whereas,  when  it  falls  below  that 
amount,  the  pressure  in  chamber  h  will  open  the  reducing  valve. 

79.  Emergency  £xh.aust  Valve,  —  The  emergency 
exhaust  valve.  Fig.  37,  really  consists  of  two  valves  N  and  K 
operated  by  the  piston  5.  The  chamber  x  back  of  the  piston 
is  connected,  by  means  of  a  pipe  6,  to  an  operating  valve  con- 
veniently situated  in  the  engine  cab;  the  operating  valve  is 
very  similar  to  those  already  described,  only  in  place  of  being 
piped  for  steam  to  the  boiler  it  is  piped  for  air  to  the  engineer's 
brake  valve.  Sometimes,  however,  it  is  piped  to  both  places, 
in  which  event  either  air  or  steam  can  be  used  to  operate  the 
emergency  exhaust  valve. 

When  pressure  is  admitted  into  chamber  jc,  piston  5  is 
pushed  forwards,  thus  unseating  the  valve  K]  but  the  valve  N 
remains  closed  until  the  piston  S  strikes  N,  when  it  too  is 
opened.  The  smaller  valve  K  is  provided  in  order  that  the 
locomotive  can  be  smoothly  changed  from  compound  to  simple 
and  without  a  shock  while  working  steam  with  the  throttle  in 
any  position.     It  accomplishes  this  as  follows:    During  the 
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time  that  the  engine  is  working  compound,  the  receiver  is  filled 
with  steam  at  receiver  pressure;  now,  if  the  large  paeeage  of 
valve  iVwere  suddenly  opened  to  the  exhaust,  receiver  pressure 
would  quickly  drop  so  low  before  the  intercepting  valve  could 
move  to  simple  position  that  the  running  gear  would  be  sub- 
jected to  severe  stresses.  If  the  small  passage  of  valve  K  is 
opened  to  the  exhaust  for  a  few  seconds  before  the  large  passage 
is  opened,  the  receiver  pressure  will  drop  more  gradually,  and 
the  intercepting  valve  will  have  moved  to  simple  position  and 


will  have  admitted  live  steam  into  the  chamber  G  leading  to  the 
low-pressure  steam  chest  through  the  reducing  valve,  by  the  time 
the  larger  passage  is  fully  open,  so  that  the  receiver  pressure  will 
not  fluctuate  much,  and  the  engine  can  be  changed  to  simple 
without  any  disturbance.  The  small  holes  9  and  10  prevent 
any  accuniulalion  of  pressure  in  the  chamber  ahead  of  piston  5, 
since  10  opens  directly  into  the  emergency  exhaust  passage  c. 

OPERATION. 

80,  Worklngr  Compound. — When  this  type  of  locomo- 
tive is  starting  with  the  operating  valve  in  the  compound 
position,  it  first  works  live  steam  in  both  cylinders  for  a  few 
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revolutions  of  the  drivers,  and  then  automatically  changes  to 
a  strictly  compound  locomotive  as  soon  as  the  pressure  in 
the  receiver  has  been  raised  to  the  desired  amount.  The 
locomotive  can  be  started  compound  by  simply  opening  the 
throttle  valve,  the  handle  of  the  operating  valve  in  the  cab 
being  left  in  compound  position.  This  admits  steam  direct 
from  the  boiler  into  the  high-pressure  steam  chest  through 
the  pipe  i>,  Fig.  35,  and  into  the  chamber  L  through  the  small 
steam  pipe  E,  The  steam  in  chamber  L  passes  through  port  d 
into  chamber  g  of  the  intercepting  valve,  and,  on  account  of  the 
greater  area  in  the  front  end  w',  forces  the  intercepting  valve  into 
the  position  shown  in  Fig.  38.  In  this  position,  the  intercepting 
valve  closes  the  passages  m  and  n  that  lead  from  chamber  /  to 
chamber  G]  and,  since  the  exhaust  valve  N  is  closed,  exhaust 
steam  from  the  high-pressure  cylinder  banks  up  in  the 
receiver  as  the  locomotive  moves  forwards,  and  raises  the 
pressure  there.  Also,  in  this  position  of  the  intercepting  valve, 
live  steam  from  chamber  L  parses  through  port  d,  reducing 
valve  0,  ports  6,  through  chamber  e  into  chamber  G,  whence  it 
passes  through  the  passages  R  and  S  into  the  two  ends  of  the 
low-pressure  steam  chest,  as  indicated  by  the  arrows.  Both  the 
high-pressure  and  the  low-pressure  cylinder,  therefore,  are 
operated  for  a  time  by  live  steam,  although  the  pressure  of  the 
steam  in  the  low-pressure  cylinder  is  reduced  by  the  reducing 
valve  0.  By  the  time  the  drivers  have  made  two  or  three  revo- 
lutions, the  exhaust  steam  from  the  high-pressure  cylinder  has 
raised  the  pressure  in  the  receiver  sufficiently  to  cause  it  to 
move  the  intercepting  valve  into  the  compound  position,  as 
shown  in  Fig.  39.  The  intercepting  valve  remains  in  this 
position  as  long  as  the  engine  is  working  compound,  for  the 
following  reasons:  The  pressure  of  the  steam  in  the  receiver  on 
the  faces  u  and  x(f  balances,  and  hence  produces  no  tendency  to 
move  the  valve;  the  pressure  of  the  steam  from  chamber  L, 
acting  on  the  faces  w  and  w'  of  chamber  g^  has  a  tendency  to 
move  the  valve  into  the  simple  position,  but  this  tendency  is 
overcome  by  the  greater  pressure  of  the  steam  in  the  receiver 
acting  on  the  face'v  of  cylinder/. 
While  the  intercepting  valve  is  in  the  compound  position,  it 
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covers  the  ports  b  in  its  bushing;  hence,  no  live  steam  can  pass 
from  chamber  L  into  the  low-pressure  steam  chest.  The 
passages  m  and  n  from  chamber  /,  however,  are  now  open,  so 
that  the  exhaust  steam  from  the  high-pressure  cylinder  is  free 
to  pass  through  the  receiver  into  chamber  7,  and  thence  through 
the  passages  m  and  n,  chamber  (?,  and  passages  R  and  S,  into 
the  low-pressure  steam  chest,  where  it  forms  the  supply  of 
steam  that  operates  the  low-pressure  cylinder. 

81«  Working  Simple. — When  the  engineer  desires  to 
start  the  locomotive  as  a  simple  engine,  he  first  turns  the 
handle  of  the  emergency  operating  valve  to  the  position  marked 
simple,  so  as  to  admit  pressure  into  chamber  x,  and  then  opens 
the  throttle  (Fig.  40).  The  pressure  in  chamber  x  forces  open 
the  emergency  exhaust  valves  K  and  N,  while,  by  admitting 
steam  into  chamber  L,  the  intercepting  valve  is  caused  to  move 
into  the  simple  position  and  to  close  the  passages  m  and  n; 
hence,  the  exhaust  steam  from  the  high-pressure,  cylinder 
passes  through  the  receiver  into  chamber  7,  and  is  then  obliged 
to  pass  out,  through  the  exhaust  valve  N  and  the  emergency 
exhaust  passage  c,  into  the  main  exhaust  passage  f^  and  the 
atmosphere,  as  indicated  by  the  arrows.  The  walls  of  chamber  1 
are  broken  away  to  show  how  the  passage  c  leads  into  the  main 
exhaust  passage  F,  The  low-pressure  cylinder  is  supplied  with 
live  steam  at  a  reduced  pressure  through  the  reducing  valve,  as 
indicated  by  the  arrows. 

82*     Cliang^lng^     From     Compound     to    Simple. — ^At 

times,  it  is  desirable  to  change  the  engine  from  compound  to 
simple  while  working  steam.  To  do  this,  the  handle  of  the 
operating  valve  is  merely  moved  to  the  position  marked  mwpU. 
This  first  causes  the  smaller  exhaust  valve  K^  and  then  the 
larger  valve  iVJ  to  open  and  reduce  the  pressure  in  the  receiver 
gradually,  until  it  is  sufficiently  reduced  to  operate  the  inter- 
cepting valve,  thus  converting  the  locomotive  smoothly  into  a 
simple  engine. 

83,     Cliangrliigr     From     Simple    to    Compound. — ^To 

change  the  engine  from  simple  to  compound,  the  engineer 
simply  moves  the  handle  of  the  operating  valve  to  the  position 
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marked  compound.  This  removes  the  pressure  from  chamber  x, 
and  the  spring  11  forces  the  piston  5  into  its  forward  x>o8ition, 
closing  the  emergency  exhaust  valve.  The  steam  from  the 
high-pressure  exhaust  then  raises  the  pressure  in  the  receiver 
until  it  is  sufficiently  high  to  move  the  intercepting  valve  into 
compound  positioni  when  the  locomotive  operates  as  a  compound 


OPERATING. 

84.  Working:  Compound. — To  start  the  locomotive  com- 
pound with  a  light  train,  it  is  simply  necessary  to  move  the 
liandle  of  the  operating  valve  into  the  compound  position,  if  not 
already  there,  place  the  reverse  lever  in  the  comer,  open  the 
cylinder  cocks,  and,  lastly,  open  the  throttle.  In  starting  thus, 
live  steam  is  admitted  into  both  cylinders  for  a  few  moments 
(see  Fig.  38),  after  which  the  intercepting  valve  automatically 
cuts  off  the  supply  to  the  low-pressure  cylinder,  and  connects 
that  cylinder  with  the  receiver,  from  which  it  thereafter  receives 
its  supply.  Gradually  hook  up  the  reverse  lever  a  couple  of 
notches  at  a  time,  as  the  speed  increases,  until  the  lever  is  in 
the  proper  running  notch,  and  carry  the  throttle  as  wide  open 
as  circumstances  will  permit. 

85.  Working  Simple. — In  starting  on  a  grade  or  in 
starting  heavy  trains,  the  engine  should  be  worked  simple  until 
the  train  is  moving  freel}'.  To  start  an  engine  simple,  move 
the  handle  of  the  operating  valve  into  the  position  marked 
simple,  drop  the  reverse  lever  into  the  corner,  open  the  cylinder 
cocks,  and  then  open  the  throttle.  In  this  way,  live  steam  will 
be  worked  in  both  cylinders  (see  Fig.  40)  until  the  engineer 
converts  the  engine  to  compound.  The  engine,  when  worked 
simple  to  start  a  heavy  train,  will  jerk  less  and  will  start  the 
train  more  smoothly.  It  should  be  converted  to  compound, 
however,  just  as  soon  as  possible  after  the  train  is  moving 
freely.  This  is  accomplished  by  turning  the  handle  of  the 
operating  valve  to  the  compound  position.  After  changing  to 
compound,  the  reverse  lever  should  be  hooked  up  a  few  notches 
at  a  time  until  in  the  proper  running  notch.  As  with  the  other 
types  of  compounds,  the  steam  supply  should  be  controlled  with 
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the  reverse  lever  rather  than  with  the  throttle,  and  the  throttle 
should  be  carried  as  wide  open  as  circumstances  will  permit; 
in  other  words,  carry  the  reverse  lever  and  the  throttle  where 
they  will  handle  the  train  best. 


BREAKDOWNS. 

86.  Broken  Main  Bod:  Hig^h-Fressuro  Side. — In  case 
the  rod  on  the  high-pressure  side  breaks,  take  it  down,  block 
the  crosshead  securely,  and  clamp  the  valve  on  that  side  in  the 
center  of  its  seat,  so  as  to  cover  both  ports;  then  proceed, 
using  the  low-pressure  side  only.  As  soon  as  the  throttle  is 
opened,  the  steam  in  chamber  L  will  force  the  reducing  valve 
open,  and  live  steam  at  a  reduced  pressure  will  be  supplied 
direct  to  the  low-pressure  side. 

87.  Broken    Main    Bod:     Ijow-Pressure    Side. — In 

the  event  of  a  rod  breaking  on  this  side,  take  it  down,  block  the 
crosshead  in  the  back  end  of  the  guides,  clamp  the  valve  in  the 
center  of  its  seat,  and  move  the  handle  of  the  operating  valve  to 
simple  position;  proceed,  using  the  high-pressure  side  only.  In 
this  way,  the  high-pressure  side  will  act  as  a  simple  engine,  the 
exhaust  passing  out  through  the  emergency  exhaust  valve. 

88.  Broken  Valve  Stem. — In  the  event  of  a  valve  stem 
breaking  on  either  side,  it  will  be  necessary  to  disconnect  the 
disabled  side;  hence,  if  a  valve  stem  breaks,  proceed  exactly  as 
though  the  main  rod  on  that  side  had  broken. 

89.  BloTvs. — In  the  Schenectady  compound,  blows  in  the 
slide  valve  and  cylinder  packing  can  be  located  in  the  same 
manner  as  in  simple  engines  by  working  the  compound  simple. 

When  working  compound,  a  blow  of  steam  by  the  packing  rings 
on  the  part  g  of  the  intercepting  valve,  Fig.  39,  will  allow  live 
steam  from  chamber  L  to  flow  into  chamber  O,  thus  increasing 
the  power  on  the  low-pressure  side. 

The  emergency  exhaust  valve  N  leaking,  will  allow  receiver 
steam  to  blow  into  the  emergency  exhaust  passage  c  and  will  be 
heard  at  the  stack  between  exhausts  when  working  compound. 
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Steam  leaking  by  the  packing  rings  on  the  reducing  Talve  O 
will  cause  it  to  remain  open  when  working  simple  if  the  vent 
pipe  q  is  not  kept  open,  thus  getting  boiler  pressure  in  the  low- 
pressure  cylinder. 

In  case  a  low-pressure  steam  chest  is  broken,  the  engine  can 
be  brought  in  by  using  the  high-pressure  side  as  a  simple 
engine.  To  do  this,  remove  the  intercepting  valve  and  block 
the  reducing  valve  in  closed  position,  so  that  when  the  inter- 
cepting valve  is  replaced  no  steam  can  get  into  the  low-pressure 
side  with  the  intercepting  valve  in  simple  position. 

Should  the  steam-supply  pipe  6  to  the  chamber.  Fig.  40, 
become  broken,  the  intercepting  valve  can  be  forced  into  simple 
position  by  removing  the  head  of  chamber  x  and  blocking  the 
emergency  exhaust  valve  open,  in  the  position  shown  in  Fig.  40. 


PITT8BUBG    COMPOUND. 


BESCRIPnON. 

90.  General  Arrangrement. — A  cross-section  of  the 
cylinders  and  saddle  of  a  Pittsburg:  conii>onnd,  taken 
through  the  middle  of  the  receiver  FZ,  is  shown  in  Fig.  41, 
in  which  A  and  B  are  the  high-  and  low-pressure  cylinders, 
respectively,  and  C  is  the  intercepting- valve  chamber.  In  this 
type  of  compound  there  is  but  one  steam  pipe  D;  it  connects 
with  a  passageway  back  of  chamber  /(indicated  by  dotted  lines) 
that  divides  into  two  branches  at  0,  these  branches  leading  to 
opposite  ends  of  the  steam  chest  The  exhaust  passage  E  from 
the  high-pressure  cylinder  leads  to  the  under  side  of  the  inter- 
cepting valve  in  C,  while  directly  above  is  the  chamber  /that 
connects  with  the  end  Z  of  the  receiver.  A  passage  K  (indi- 
cated by  dotted  lines),  back  of  the  chamber  /,  connects  one  end 
of  the  intercepting  valve  with  the  exhaust  pipe  P.-  This  is  the 
emergency  exhaust  port  through  which  the  high-pressure  steam 
exhausts  during  the  time  the  engine  is  working  simple.  The 
end  Y  of  the  receiver  connects  with  a  steam  passage  8  that 
divides  into  two  branches  which  lead  to  opposite  ends  of  th«^ 
high-pressure  steam  chest     The  exhaust  passage  H  (indicnt^ 
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by  dotted  lines)  from  the  low-pressure  cylinder  leads  directly  to 
the  exhaust.  When  this  engine  is  working  as  a  compound, 
therefore,  the  exhaust  steam  from  the  high-pressure  cylinder 
first  passes  through  the  intercepting  valve,  and  thence,  through 
chamber  /  and  the  receiver  into  the  low-pressure  cylinder;  the 
exhaust  from  the  latter  passes  through  the  exhaust  passage  H 


Fig.  41. 

directly  into  the  atmosphere.  In  working  simple,  the  exhaust 
from  the  high-pressure  cylinder  passes  directly  into  the  atmos- 
phere through  the  emergency  exhaust  port  K. 

91.     Arranfirement  of  tlie  Talves  and  Passagres. — A 

section  of  the  high-pressure  cylinder  saddle,  taken  on  the 
line  X  y,  Fig.  41,  showing  the  arrangement  of  the  different 
valves  and  passages,  is  given  in  Fig.  42.  In  the  figure,  M 
is  the  intercepting  valve  and  0  the  reducing  valve.  The 
chamber  /  connects  with  the  end  Z  of  the  receiver.  The  pas- 
sageway i^  connects  with  the  steam  pipe  D  and  divides  into  two 
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branches  6,  as  explained  in  connection  with  Fig.  41;  hence, 
steam  flows  from  the  passage  F  directly  into  the  two  ends  of 
the  high-pressure  steam  chest.  The  passage  K  is  the  emer- 
gency exhaust  passage,  and  leads  into  the  main  exhaust 
passage,  as  already  explained.  A  shorfc  passageway  connects 
chamber  c,  back  of  the  reducing  valve,  with  the  steam  pas- 
sage G  shown  in  Fig.  41;  hence,  cavity  c  is  supplied  with 
steam  at  the  same  pressure  as  the  high-pressure  steam  chest 

92,  Interceptlngr  Valve. — ^This  valve  is  in  the  form  of  a 
piston  valve,  and  is  so  designed  that  it  separates  the  ports  a 
leading  into  chamber  /  from  the  ports  b  leading  into  the 
emergency  exhaust  passage  Ky  although  it  can  be  made  to 
connect  the  high -pressure  exhaust  port  £  with  either  port  a  or 
port  b  by  simply  changing  its  position.  When  the  valve  is  in 
its  backward  position,  as  in  Fig.  42,  the  cavity  of  the  valve 
connects  the  exhaust  port  E  from  the  high-pressure  cylinder 
with  the  emergency  exhaust  port  K^  while,  at  the  same  time, 
the  valve  cuts  off  the  ports  a  leading  into  the  receiver.  When 
in  its  forward  position,  it  covers  the  ports  b  and  connects 
port  jB  with  ports  a.  In  order  that  the  valve  may  be  properly 
balanced,  a  passage  m  is  made  through  it  lengthwise,  thus 
insuring  the  same  pressure  on  both  ends  of  the  valve. 

93.  Operation  of  Interceptiiia:  Valve, — The  means 
used  to  operate  the  intercepting  valve  are  indicated  in 
Fig.  43.  The  valve  spindle  d  is  connected,  by  means  of  the 
lever  L  and  rod  Rj  to  a  reversing  mechanism  N  called  the 
reversing:  cylinder.  The  object  of  this  mechanism  is  to 
relieve  the  engineer  of  the  necessity  of  converting  the  engine 
from  simple  to  compound,  or  vice  versa,  by  hand.  A  hand 
arrangement  Hj  however,  is  provided  for  use  in  case  of  accident 
to  the  reversing  cylinder.  The  steam  for  operating  the  reversing 
cylinder  is  supplied  through  the  pipe  e,  and  the  supply  is 
controlled  by  a  valve  operated  by  means  of  the  rod  n.  This  rod 
is  so  connected  to  the  reach  rod  r  that  it  operates  a  reversing 
valvtj  Vj  so  as  to  admit  steam  into  the  reversing  cylinder  and 
convert  the  engine  into  a  simple  one  if  the  reverse  lever  is 
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placed  in  either  corner,  or  into  a  compound  if  the  reverse  lever 
is  hooked  up  one  or  more  notches  from  the  corner.  A  stop-cock 
is  placed  in  the  steam  pipe,  so  that,  when  desirable,  steam  can 
be  entirely  cut  off  from  the  reversing  cylinder.  Sometimes  the 
mechanism  for  operating  the  reversing-cylinder  valve  is  con- 
nected to  the  reverse  lever  instead  of  to  the  reach  rod  as 
described. 

94.  Reducing^  Valve. — The  reducing  valve  0  is  shown 
open  in  Fig.  42,  and  closed  in  Fig.  43.  It  is  provided  with 
a  ground-joint  seat  at  ^,  Fig.  42,  two  packing  rings  r,  and  a 
spring  8,  the  tension  of  the  latter  being  adjusted  by  the  nuts  n. 
The  tension  of  this  spring  should  be  only  sufficient  to  prevent 
the  valve  rattling  during  the  time  the  engine  is  running  with 
steam  off,  and  the  valve  should  be  easily  moved  by  the  hand 
against  the  action  of  the  spring.  The  area  of  the  valve  0  acted 
on  by  the  steam  in  the  chamber  x,  during  the  time  the  engine  is 
working  simple,  is  so  much  greater  than  that  acted  on  by  the 
steam  in  chamber  c  that  the  valve  is  closed  when  the  pressure  in 
chamber  x  increases  to  a  certain  proportion  (sometimes  less 
than  a  half)  of  that  in  chamber  c.  In  other  words,  the  redu- 
cing valve  maintains  a  pressure  in  chamber  x  something  less 
than  half  tliat  in  chamber  c,  thereby  equalizing  the  total  forces 
acting  on  the  high-pressure  and  low-pressure  pistons. 


OPERATION. 

95.  Worklngr  Simple. — In  this  style  of  compound,  the 
intercepting  valve  is  wholly  non-automatic,  and  it  must  be 
moved  from  the  simple  to  the  compound  or  from  the  compound 
to  the  simple  position  by  means  of  the  reversing  cylinder  Nov  the 
hand  arrangement  fl,  Fig.  43.  So  long  as  the  reversing 
cylinder  N  is  operative,  the  act  of  placing  the  reverse  lever 
in  either  comer  will  cause  the  intercepting  valve  to  be  moved 
into  the  simple  position  (the  handle  Hin  its  forward  position); 
whereas  moving  the  reverse  lever  one  or  more  notches  from  the 
comer  causes  the  intercepting  valve  to  be  moved  into  compound 
position,  the  handle  H  then  going  to  its  backward  position. 
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With  the  intercepting  valve  in  the  simple  position,  Fig.  42, 
the  emergency  exhaust  port  K  is  connected  with  the  high- 
pressure  exhaust  passage  E  through  the  cavity  of  the  valve  M 
and  the  port  6,  and  communication  between  the  receiver  /  and 
the  port  iT  or  £  is  cut  off  by  the  valve.  When  the  throttle  is 
opened,  steam  flows  from  the  boiler  into  the  high-pressure 
steam  chest,  and  also  into  chamber  c.  The  steam  in  the  steam 
chest  is  used  in  the  high-pressure  cylinder  and  is  then 
exhausted  directly  into  the  atmosphere  through  the  exhaust 
port  J5,  the  emergency  exhaust  port  -BT,  and  the  exhaust  pipe  P, 
as  indicated  by  the  arrows.  The  steam  in  chamber  c  opens  the 
reducing  valve  0  and  flows  through  chamber  x  and  the  port  a 
into  the  receiver  (as  indicated  by  arrows),  and  thence  into  the 
low-pressure  steam  chest;  after  being  used  in  the  low-pressure 
cylinder,  it  is  discharged  into  the  atmosphere  through  the 
exhaust  pipe  P.  The  pressure  of  the  live  steam  in  the  receiver 
is  regulated  to  the  proper  amount  by  the  reducing  valve  0. 

Sometimes,  as,  for  instance,  when  switching,  it  is  desirable  to 
work  the  engine  simple  at  different  points  of  cut-off;  that  is, 
with  the  reverse  lever  in  notches  other  than  the  corner  notch. 
To  accomplish  this,  first  place  the  reverse  lever  in  the  corner, 
so  that  the  intercepting  valve  will  be  moved  into  the  simple 
position,  and  then  close  the  stop-cock  (not  shown  in  Fig.  43)  in 
the  reversing-cylinder  supply  pipe  «,  so  as  to  cut  off  the  supply 
of  steam  to  the  reversing  cylinder;  the  intercepting  valve  will 
then  remain  in  the  simple  position,  regardless  of  the  position  of 
the  reverse  lever.  Opening  the  stop-cock  in  the  supply  pipe 
will  again  make  the  reversing  cylinder  operative. 

96.  Worklngr  CompoTuid. — When  the  intercepting  valve 
is  moved  into  the  compound  position.  Fig.  44,  the  port  h  lead- 
ing into  the  emergency  exhaust  passage  ^is  covered  by  the  valve, 
and  the  high-pressure  exhaust  port  E  is  connected  with  the 
receiver  through  the  cavity  M  of  the  valve  and  ports  a.  Also,  the 
reducing  valve  0  is  held  closed.  Therefore,  when  the  throttle 
is  open  with  the  intercepting  valve  in  this  position,  the  exhaust 
steam  from  the  high-pressure  cylinder  passes  through  the  inter- 
cepting valve  and  into  the  receiver,  as  indicated  by  the  arrowf^ 
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thence  passing  through  the  receiver  into  the  low-pressure 
cylinder,  and  out  into  the  atmosphere  through  the  exhaust 
passage  H  (Fig.  41)  and  the  exhaust  pipe. 


OPERATING. 

97.  Workingf  Compound.  —  To  start  a  train  with  a 
Pittsburg  compound,  the  engine  should  always  be  converted 
into  a  simple  one  until  the  train  is  fairly  under  way,  when  it 
should  be  changed  to  compound.  To  do  this,  place  the  lever  in 
the  corner  (which  converts  the  engine  to  simple),  open  the 
cylinder  cocks,  and  then  open  the  throttle.  By  the  time  tlie 
train  has  moved  three  or  four  car  lengths,  hook  the  lever  up  a 
notch  or  two  (which  converts  the  engine  to  compound),  and,  as 
the  speed  increases,  continue  to  hook  it  up  until  it  is  in  the 
proper  running  notch.  No  attempt  should  be  made  to  run 
with  the  lever  notched  up  higher  than  the  fourth  notch,  since 
doing  so  will  cause  increased  loss  through  condensation  in  the 
cylinders.  The  throttle  should  be  carried  as  wide  open  as  is 
possible  under  the  circumstances. 

98.  Working:  Simple. — At  times,  especially  when  switch- 
ing, it  is  desirable  to  work  the  engine  simple,  and  yet  be  able  to 
carry  the  reverse  lever  in  different  notches;  in  other  words,  it  is 
desirable  at  times  to  use  the  engine  strictly  as  a  simple  engine. 
This  may  be  done  by  first  moving  the  reverse  lever  to  the  corner 
and  then  closing  the  stop-cx)ck  in  the  steam  pipe  to  the  reversing 
cylinder;  the  locomotive  can  then  be  operated  as  a  simple 
engine  as  long  as  desired,  and  with  the  reverse  lever  in  any 
notch.  The  engine  should  always  be  changed  to  simple  when 
drifting  with  steam  shut  off;  or,  if  not  convenient  to  do  so,  the 
throttle  should  be  opened  a  *  *  crack, ''  so  as  to  admit  just  enough 
steam  into  the  cylindei's  to  prevent  the  formation  of  a  vacuum. 

99.  Clianglnfi:  From  Compound  to  Simple. — Some- 
times when  climbing  grades,  it  is  found  necessary  to  convert 
the  locomotive  from  compound  to  simple  to  avoid  being  stalled. 
At  such  times,  do  not  make  the  change  unless  it  is  strictly 
necessary  and  the  speed  has  decreased  to  less  than  6  miles  an 
hour,  and  change  back  to  compound  again  at  the  earliest 
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moment  possible.  Close  the  throttle  somewhat  just  before 
chaDging  from  compound  to  simple,  since  otherwise  the 
increased  cylinder  power  is  liable  to  cause  slipping  before 
the  throttle  can  be  closed  sufficiently  to  prevent  it. 

100.  Care  of  Bngrlne. — The  high-pressure  cylinder 
requires  a  great  deal  more  oil  than  the  low-pressure  cylinder; 
in  fact,  the  low-pressure  cylinder  should  only  receive  1  drop 
to  every  5  or  6  drops  for  the  high-pressure  cylinder.  Fill  the 
reducing-valve  oil  cup  each  trip,  and  oil  the  back  end  of  the 
intercepting  valve  at  least  once  a  week.  The  operating  mechan- 
ism of  this  compound  is  so  constructed  that  it  should  convert 
the  engine  to  simple  by  placing  the  reverse  lever  in  the  corner, 
and  to  compound  by  moving  the  lever  one  or  two  notches  from 
the  comer;  if  it  does  not  do  this,  report  the  facts  at  once. 


BKBAKI>OWNS. 

101,  Broken  Main  Bod:    Hlgrli-Pressnre   Side. — If 

the  rod  on  the  high-pressure  side  breaks,  take  it  down,  block 
the  crosshead  securely,  place  the  steam  valve  of  that  side 
on  the  center  of  its  seat  and  clamp  it  there,  move  the  inter- 
cepting valve  to  simple  position,  and  close  the  stop-cock  so  as 
to  cut  out  the  reversing  cylinder,  thus  enabling  the  locomotive 
to  be  operated  as  a  strictly  simple  engine;  proceed,  using  the 
low-pressure  cylinder  only.  Live  steam  will  thus  be  supplied 
to  the  low-pressure  cylinder  through  the  reducing  valve  and 
the  receiver. 

102.  Broken  Main  Rod:  I^w-Pressnre  Side. — In  the 

event  of  this  rod  breaking,  move  the  reverse  lever  to  the  comer 
to  convert  the  engine  to  a  simple  one,  and  close  the  stop-cock 
in  the  steam  pipe  to  the  reversing  cylinder,  so  that  the  engine 
can  be  worked  simple.  Take  down  the  broken  rod,  block  the 
crosshead  securely,  place  a  piece  of  wood  under  each  side  of 
the  reducing-valve  spring  «,  Fig.  42,  and  tighten  up  the  nuts  n 
until  the  spring  pinches  the  wood  sufficiently  hard  to  hold  the 
reducing  valve  shut  against  the  pressure  of  the  steam  in 
chamber  c;  proceed^  using  the  high-pressure  cylinder  only. 
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By  thus  clamping  the  reducing' valve  shut,  steam  is  prevented 
from  entering  the  receiver;  hence,  the  low-pressure  steam  valve 
need  not  be  clamped  on  the  center  of  its  seat 

103.  Broken  Valve  Stem. — In  the  event  of  a  valve  stem 
breaking,  proceed  exactly  as  you  would  were  the  main  rod  on 
that  side  to  break. 

104.  Blows. — Blows  in  the  slide  valves  and  piston  pack- 
ing of  the  Pittsburg  compound  are  located  as  in  a  simple  engine 
when  the  compound  is  worked  as  a  simple  engine. 

A  leak  by  the  packing  rings  on  the  large  head  of  the  inter- 
cepting valve  M,  when  in  compound  position,  Fig.  44,  will 
allow  steam  to  flow  by  and  condense  in  the  chamber  behind 
it  if  the  vent  (not  shown  in  cut)  is  not  kept  open.  The  result 
of  this  is  that  when  the  engine  is  changed  to  simple  the  water 
will  pass  through  the  hollow  m  of  the  valve  3f,  and  will  be 
thrown  out  with  the  exhaust  from  the  low-pressure  side;  it  will 
pass  into  the  low-pressure  steam  chest  with  the  live  steam 
coming  through  the  reducing  valve  0.  The  construction  and 
arrangement  of  the  intercepting  and  reducing  valves  of  this 
type  of  compound  give  very  little  chance  for  trouble  from 
defective  packing  rings  or  other  leaks. 


RHODE  ISIiAKD  COMPOTJKD. 


DESCRIPTION. 

105.  General  Arrang^ement. — This  type  of  compound 
has  two  steam  pipes  in  the  front  end,  a  large  one  leading  to  the 
high-pressure  steam  chest  and  a  smaller  one  E  leading  to  the 
chamber  L,  Fig.  45,  above  the  intercepting  valve  3/,  which  is 
located  in  the  low-pressure  side  of  the  cylinder  saddle.  A 
receiver  Z  is  so  arranged  in  the  smoke  arch  that  it  connects  the 
exhaust  passage  from  the  high-pressure  side  with  the  chamber  / 
above  the  intercepting  valve.  From  the  chamber  R  underneath 
the  intercepting  valve  two  passages  S  and  P  lead  to  the  forward 
and  back  end  of  the  low-pressure  steam  chest,  respectively. 
The  emergency  exhaust  passage  C  is  connected  with  the  regular 
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exhaust  passage  Fy  and  this  passage  leads  to  the  exhaust  pipe. 
Steam  is  distributed  into  the  cylinders  by  means  of  slide  valves 
operating  in  the  steam  chests  on  each  side. 

106.  Aprangrement  of  Valves  and  Fassagres. — ^The 
intercepting  valve,  the  reducing  valve,  and  the  exhaust  valve  are 
located  in  the  low-pressure  side  of  the  cylinder  saddle.  M  is  the 
intercepting  valve,  0  the  reducing  valve,  and  iVthe  exhaust  valve. 
The  receiver  is  connected  to  chamber  I  on  the  low-pressure  side 
and  to  the  exhaust  passage  from  the  high-pressure  steam  chest 
on  the  high-pressure  side.  The  small  pipe  E  brings  live  steam 
from  the  dry  pipe  into  the  chamber  L  above  the  intercepting 
valve  near  its  back  end.  A  large  steam  pipe  leads  to  the  high- 
pressure  steam  chest.  The  small  pipe/  leads  to  the  operating 
valve  in  the  cab.  A  dashpot  iiThas  a  piston  T  operating  within 
it,  which  is  connected  by  the  stem  G  with  the  intercepting 
valve  M.  A  small  passage  a  leads  from  chamber  L  to  cham- 
ber Ay  which  entirely  surrounds  the  back  end  of  the  intercept- 
ing valve  My  and  a  small  passage  t  leads  from  A  to  the  chamber 
B  behind  the  shoulder  on  the  reducing  valve  0.  The  ports  a 
lead  from  the  passage  j  to  the  interior  of  the  front  end  of  the 
intercepting  valve.  Exhaust  valve  N  is  connected  by  the  rod  H 
with  the  piston  5,  which  has  a  spring  W  behind  it  that  tends  to 
hold  it  in  the  closed  position  when  there  is  no  pressure  in  the 
receiver. 

107.  Interceptlngr  Valve. — The  intercepting  valve  M 
consists  of  three  parts  r,  A,  and  o.  The  forward  part  r  controls 
the  passage  between  chambers  /  and  R  and  L  and  Ry  and  has 
ports  I  and  a  leading  into  its  hollow  interior.  The  part  r  has 
two  packing  rings.  The  part  h  has  the  reducing  valve  0  within 
it,  and  is  in  communication  with  part  o  through  the  passage  t. 
and  its  forward  end  is  of  smaller  diameter  than  its  rear  end, 
A  single  packing  ring  is  placed  on  this  part.  Part  o  is  hollow 
which  has  a  packing  ring  upon  it.  Connection  from  the 
hollow  interior  of  this  part  to  the  atmosphere  is  had  through 
the  drip  m. 

The  office  of  the  intercepting  valve  is  to  divert  the  steam,  as 
it  comes  from  the  receiver,  either  into  chamber  R  or  into  the 
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emergency  exhaust  passage  C,  and,  also,  in  connection  with  the 
reducing  valve,  to  admit  live  steam  at  a  reduced  pressure  to  the 
low-pressure  cylinder. 

108.  The  Reducing:  Valve. — The  reducing  valve 
occupies  a  position  within  the  hollow  of  part  h  of  the  inter- 
cepting valve,  and  has  a  limited  movement  in  that  part,  but  is 
moved  with  the  intercepting  valve  when  that  valve  moves.  A 
packing  ring  on  the  back  end  of  the  reducing  valve  insures 
a  joint  between  the  annular  passage  B  and  the  hollow  interior 
of  the  valve  0,  and  the  interior  is  in  communication  with  the 
atmosphere  through  the  passage  i  and  the  drip  m.  In  this  way 
atmospheric  pressure  is  maintained  in  the  interior  of  the 
reducing  valve  when  the  intercepting  valve  is  in  the  simple 
position.  While  the  throttle  is  open,  the  annular  chamber  B 
is  filled  with  live  steam  from  chamber  L  through  passages 
8  and  t^  which  exerts  a  pressure  on  the  shoulder  g  to  force  it 
forwards  at  all  times. 

109.  The  Exhaust  Valve  N. — This  valve  is  of  piston 
form  and  controls  the  passage  between  chambers  /  and  C.  It  is 
attached  to  piston  6  by  rod  H,  Piston  5,  by  means  of  the 
spring  Wy  is  held  so  that  the  exhaust  valve  is  closed  when  there 
is  no  pressure  in  the  seceiver  /.  The  .valve  N  is  provided  with 
a  ground  Joint  at  x  that  prevents  steam  leaking  from  the 
receiver  into  the  exhaust  passage  Cat  that  point,  while  its  back 
end  has  two  packing  rings  that  prevent  leakage  to  the  exhaust 
at  that  point. 

The  valve  N  is  hollow,  and  thus  allows  steam  to  pass  from 
receiver  /  back  of  it  and  thence  into  chamber  y;  it  is  held  to  its 
seat  by  the  pressure  of  the  receiver  steam  on  piston  6  and  part 
of  the  pressure  on  the  end  z  of  the  valve  iV,  part  of  the  pressure 
on  that  end  being  balanced  by  the  pressure  on  the  end  u.  The 
valve  iNT  is  opened  by  admitting  steam  into  chamber  JT  back  of 
the  piston  5.  The  small  groove  h  allows  any  condensation  in 
chamber  X  to  pass  into  the  hollow  of  the  piston  5,  and  thence 
into  the  drip  pipe  c  into  the  atmosphere  or  through  the  drip 
passage  D  into  the  exhaust  port  C. 
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OPERATION. 

110.  Working  Compound. — This  type  of  engine  is  of 
the  automatic  compound  class,  and  when  first  started  with  the 
operating  valve  closed,  or  in  the  compound  position,  and 
with  no  pressure  in  chamber  X^  behind  piston  6,  it  will 
work  live  steam  in  both  sides  for  a  few  strokes.  View  (a)  shows 
how  it  passes  to  the  low-pressure  steam  chest.  It  then  changes 
to  compound  automatically,  and  the  starting  valve  assumes  the 
position  shown  in  view  (6).  When  the  throttle  is  open  live 
steam  flows  into  the  high-pressure  steam  chest  and  into  cham- 
ber L,  Pressure  from  the  chamber  L,  acting  through  the 
passages  s  and  <,  on  the  shoulder  g  of  the  intercepting  valve, 
forces  the  valve  into  the  position  shown  in  view  (a),  if  it  is  not 
already  in  that  position — there  being  no  pressure  in  the  receiver, 
as  the  high-pressure  side  has  not  yet  exhausted.  In^  this  posi- 
tion of  the  intercepting  valve,  live  steam  passes  through  the 
reducing  valve  0  and  the  row  of  ports  I  in  the  intercepting  valve 
into  chamber  R  and  into  the  low-pressure  steam  chest.  The 
reducing  valve,  owing  to  the  diflFerence  in  the  surface  exposed  to 
pressure  in  chambers  r  and  5,  will  operate  to  keep  the  pressure 
in  r  down  to  the  proper  amount  to  equalize  the  work  done  on  each 
side  of  the  engine.  As  the  engine  moves  along,  the  high-pressure 
side  is  exhausting  into  the  receiver/,  and  this  steam  soon  raises  the 
pressure  sufficiently  to  force  the  intercepting  valve  back  against 
the  pressure  in  chamber  r  to  the  position  shown  in  view  (6).  In 
this  position  live  steam  from  chamber  L  is  shut  oflF  and  the 
receiver  steam  flows  from  chamber  I  into  chamber  R  and  thence 
into  the  low-pressure  steam  chest,  becoming  the  supply  of  steam 
to  that  side,  and  the  engine  is  working  strictly  compound. 

111.  Working  Simple. — If  it  is  desired  to  work  the 
engine  simple,  the  engineer  places  the  operating  valve  in  the 
cab  into  the  simple  position,  which  allows  steam  to  enter 
chamber  X  behind  piston  5,  through  the  pipe  /,  and  forces  the 
exhaust  valve  N  from  its  seat,  thus  opening  communication 
between  chamber  /  and  the  emergency  exhaust  passage  (7,  as 
shown  in  view  (c);  this  allows  the  exhaust  from  the  high- 
pressure  side  to  escape  into  the  atmosphere  instead  of  going 
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into  the  low-pressure  cylinder.  The  pressure  on  the  front  face 
of  the  intercepting  valve  M  is  thus  relieved,  and  the  live-steam 
pressure  in  chamber  5,  acting  on  the  shoulder  g,  forces  the  inter- 
cepting valve  over  to  the  position  shown  in  view  (c).  In  this 
position  live  steam  flows  from  chamber  L,  through  ports  j  and  a 
and  the  intercepting  valve,  into  chamber  R  and  thence  into  the 
low-pressure  steam  chest;  it  is  used  in  the  low-pressure  cylinder 
and  is  exhausted  through  the  exhaust  passage  F,  Meanwhile 
the  exhaust  from  the  high-pressure  side  coming  across  through 
the  receiver  finds  its  way  past  the  exhaust  valve  N  into  the 
emergency  exhaust  passage  C  and  thence  to  the  final  exhaust. 

112.  Chang^lngf   From   Compound    to    Simple. — ^To 

change  the  engine  from  compound  to  simple,  move  the  opera- 
ting valve  in  the  cab  into  the  position  marked  simple,  which 
allows  steam  to  flow  into  chamber  X,  forcing  the  exhaust  valve 
open  and  causing  the  intercepting  valve  to  assume  the  simple 
position,  as  already  explained. 

11 3,  Changing    From    Simple   to   Compound. — To 

change  from  simple  to  compound  place  the  operating  valve  into 
the  compound  position,  which  shuts  ofiE  steam  to  the  pipe  /, 
and  allows  the  pressure  in  chamber  X  to  escape;  the  spring  W 
behind  piston  5  then  forces  the  emergency  exhaust  valve  iVshut, 
when  the  receiver  pressure,  acting  on  the  receiver  face  of  the 
intercepting  valve,  forces  it  back  to  the  position  shown  in  view 
(6),  and  the  engine  operates  as  a  compound  engine. 


OPERATING. 

114.  Working  Compound. — To  start  a  light  train,  it  is 
only  necessary  to  place  the  handle  of  the  operating  valve  in  the 
compound  position,  put  the  reverse  lever  in  the  comer,  and 
then  open  the  throttle.  This  will  allow  the  engine  to  work 
live  steam  in  both  cylinders  for  a  time,  after  which  the  inter- 
cepting valve  will  be  automatically  moved  into  the  compound 
position,  as  described.  Then  the  reverse  lever  should  be  grad- 
ually hooked  up  until  the  proper  running  cut-off  is  reached, 
when  the  train  will  be  handled  at  the  required  speed. 
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115.  Workings  Simple. — If  starting  on  a  grade  when  the 
power  of  the  engine  is  not  great  enough,  as  a  compound,  to 
start  the  train,  or  if  in  danger  of  stalling  on  a  hill  with  the 
reverse  lever  in  the  comer,  the  engine  should  be  converted  into 
a  simple  one  until  the  speed  has  been  brought  up  to  the  proper 
point.  This  additional  power  is  due  to  the  fact  that,  as  the 
high-pressure  exhaust  is  allowed  to  go  direct  to  the  atmosphere, 
the  back  pressure  that  it  otherwise  exerts  on  the  high-pressure 
piston  is  relieved,  giving  that  much  additional  power  on 
that  side,  while  the  live  steam,  admitted  and  regulated  by 
the  reducing  valve  into  the  low-pressure  side,  gives  greater 
power  to  that  piston  than  did  the  exhaust  steam  from  the  high- 
pressure  side.  As  the  speed  is  thus  brought  up,  the  engine 
should  be  again  changed  to  compound  in  order  to  effect  the  fuel 
economy  for  which  these  engines  are  designed.  After  changing 
back  to  compound  the  reverse  lever  should  be  again  notched  up 
until  the  proper  running  cutroff  is  had. 


BREAKBOWKS. 

116.  Broken  Main  Bod:  Higrli-Pressure  Side. — In  case 
of  a  broken  main  rod,  disconnect,  and  block  the  crosshead  as  in 
a  simple  engine,  clamp  the  valve  so  as  to  cover  the  steam  ports 
and  run  in,  using  the  low-pressure  side.  live  steam  from 
chamber  L  will  be  supplied  to  the  low-pressure  side  through  the 
reducing  valve.  Place  the  operating  valve  into  the  simple  posi- 
tion so  that  any  pressure  that  might  get  under  the  slide  valve 
into  the  receiver  can  escape  through  the  emergency  exhaust  C, 
and  not  bank  up  in  the  receiver  and  in  time  shut  off  the  steam 
to  the  low-pressure  side  by  closing  the  intercepting  valve. 

117.  Broken  Main  Rods  lx)w -Pressure  Side. — In  this 
case,  disconnect,  and  block  the  crosshead,  clamp  the  valve  as  in 
the  case  of  a  simple  engine,  and  with  the  operating  valve  in 
simple  position  run  in^  using  the  high-pressure  side  as  a 
simple  engine. 

118.  Broken  Valve  Stem. — Proceed  as  in  the  case  of  a 
broken  main  rod  on  that  side. 
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INTRODUCTION. 

1.  Purpose  of  Train  Rules,  Etc. — The  Standard  Code 
of  Train  Rules  adopted  by  the  American  Railway  Association 
is  composed  of  (1)  a  set  of  general  rules  stating  the  duties  of 
employes;  (2)  specific  definitions  of  terms  used  in  the  code; 
(3)  a  system  of  watch  inspection  to  provide  that  all  the  time- 
pieces shall  agree  as  to  the  correct  time,  so  that  train  move- 
ments can  be  regulated  with  exactness;  (4)  an  explanation  of 
the  authority  given  by  the  time-table;  (5)  rules  for  the  proper 
use  of  the  various  signals — fixed,  movable,  and  audible; 
(6)  the  classification  of  trains,  and  rules  for  their  movement 
by  train  orders;  and,  finally,  (7)  forms  of  train  orders  with 
explanations  as  to  how  trains  should  proceed  under  them, 
and  their  rights  under  each  authorized  form  of  train  order. 

2.  By  Whom  Code  Is  Prepared. — This  code  has  been 
revised,  simplified,  and  its  language  amended  from  time  to 
time  by  the  Association  (which  is  composed  of  the  superin- 
tendents and  managing  officers  of  the  numerous  railroads  using 
the  Standard  Code),  until  it  is  now  set  forth  in  as  clear  terms 
as  can  be  made,  the  meaning  of  each  rule  being  so  plain  that 
there  can  be  no  misunderstanding  by  any  of  the  parties  that 
may  be  working  by  its  provisions. 

The  authorized  version  of  April,  1899,  is  given  at  the  end  of 
this  section,  and  the  student  should  refer  to  it  for  definite 
answers  to  all  questions  submitted  to  him. 

3.  Thorougrhness  of  Code. — By  way  of  particularizing 
the  information  contained  in  the  Standard  Code,  over  five 
hundred  di£ferent  facts  are  stated  in  relation  to  the  operation 
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of  trains,  of  which  we  enumerate  5  items  in  the  General 
Notice:  11  general  rules;  19  definitions  of  terms  used  in  the 
code;  106  rules  relating  to  time-tables,  signal  rules,  classi- 
fication of  trains,  and  the  movement  of  trains;  122  rules  for 
the  movement  of  trains  by  train  orders;  and,  lastly,  13  forms 
of  train  orders,  nearly  300  principal  subjects  in  all,  many 
of  which  are  subdivided.  In  addition  to  the  Standard  Code, 
there  are  many  special  rules  put  forth  by  the  companies  to 
suit  conditions  on  each  line,  but  they  are  not  taken  up  in 
this  Section,  which  is  arranged  to  suit  general,  not  special, 
conditions. 

From  the  above  enumeration,  the  student  will  understand 
why  such  a  large  number  of  questions  as  are  given  in  connection 
with  this  Section  are  needed  to  bring  out  his  knowledge  of  the 
Standard  Code. 

4,  Prime  Requisites  In  Kallroadlngr. — ^The  first  requi- 
site in  all  train  movements  is  safety,  which  calls  for  constant 
care  on  the  part  of  each  employe. 

Next  to  safety  come  promptness  and  exactness  of 
dispatch,  by  which  is  meant  leaving  exactly  on  time,  moving 
at  the  uniform  standard  speed  as  provided  for  in  the  schedule 
or  train  orders,  reaching  all  meeting  points  at  the  time  specified 
by  the  schedule  or  rules,  and  passing  all  stations  at  the  exact 
time  shown  in  the  schedule. 

Unless  exact  time  is  kept,  other  trains  than  your  own  will 
be  delayed,  which  will  interfere  with  the  operation  of  the 
whole  system. 

Exactness  of  movement  is  an  important  factor  in  securing 
safety  of  movement;  for  if  a  train  comes  along  at  the  exact 
moment  it  is  due,  it  is  more  easily  looked  out  for  than  if  it  is 
late  and  is  thereby  delaying  other  trains,  which  may  attempt  to 
do  work  not  authorized  by  the  rules,  but  which  is  permissible 
when  under  the  protection  of  a  train  order  or  signal  by  a  flag- 
man. The  use  of  a  special  order  or  signal  presupposes  that 
the  attempted  movement  has  an  element  of  danger  in  it. 

5.  Duties  of  Employes. — The  General  Notice  that 
prefaces  the  Standard  Code  states  that  the  fact  of  a  man's 
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entering  or  remaining  in  the  service  is  regarded  as  an  assur- 
ance of  his  willingness  to  obey  the  rules — this  being  essential 
to  the  safety  of  passengers,  employes,  and  property.  It  is 
further  demanded  that  the  service  shall  be  faithful  and  intelli- 
gent, and  all  duties  courteously  performed.  This  is  a  rule 
that  obtains  in  all  lines  of  business,  and  an  employe  can 
only  look  for  promotion  when  he  follows  the  rules  closely  and 
shows  that  he  has  a  capacity  for  greater  responsibilities.  To 
thoroughly  understand  and  be  guided  by  the  general  rules,  a 
copy  must  be  in  your  possession  for  reference. 

You  should  be  thoroughly  acquainted  with  all  changes  made 
from  time  to  time  by  special  rules  and  instructions.  When  the 
special  rules  conflict  with  or  countermand  any  previous  rules, 
the  latest  special  rule  on  that  subject  must  be  obeyed.  These 
special  rules  are  issued  in  the  form  of  (1)  bulletin  notices; 
(2)  printed  circulars;  (3)  printed  on  the  time-table;  or  (4)  as 
train  orders;  and  the  places  where  these  special  notices  are 
usually  posted  should  be  examined  before  each  trip,  to  make 
sure  that  none  are  overlooked. 

If  there  is  any  doubt  as  to  the  meaning  of  any  rule,  either 
general  or  special,  the  matter  should  be  at  once  referred  to  the 
proper  authority  for  a  clear  explanation. 

So  much  is  required  of  employes  in  the  train  service 
that  examinations  are  necessary  to  test  their  qualifications  as 
well  as  to  see  that  all  understand  the  rules  alike  and  have  the 
ability  to  carry  them  out.  All  persons  employed  in  any  service 
on  trains  are  subject  to  the  rules  and  special  instructions,  and  as 
the  safety  of  all  may  depend  on  the  care  and  ability  of  any  one 
of  them,  it  is  expected  that  all  employes  will  give  their  assistance 
toward  carrying  out  all  of  the  rules  and  instructions. 

The  safety  of  the  train  and  its  load  depends  on  each  employe 
having  a  clear  idea  of  his  duties  and  a  clear  head  to  perform 
them;  for  that  reason,  the  use  of  intoxicants  while  on  duty 
is  prohibited  by  the  code,  and  in  several  of  the  States  by 
law,  which  makes  such  use  a  misdemeanor.  As  it  is  difficult 
to  draw  the  line  at  the  exact  point  when  the  use  of  liquor 
interferes  with  a  man's  faculties,  the  line  is  drawn  clear  down 
at  the  bottom,  and  frequenting  places  where  liquor  is  sold  oi 
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drank  is  a  suflScient  cause  for  dismissal  from  the  service 
— ^such  dismissal  being  backed  up  by  public  opinion,  which 
gives  all  law  its  vitality.  As  the  use  of  tobacco  is  offensive 
to  many  passengers  and  patrons  of  the  company,  it  is  pro- 
hibited in  and  about  passenger  trains  and  depots. 

To  distinguish  the  employes  charged  with  duties  connected 
with  the  passenger  service,  they  are  required  to  wear  badges 
and  a  prescribed  uniform,  and  since  the  company  is  judged  by 
the  appearance  of  its  employes,  self-respect  will  dictate  that  all 
be  neat  and  tidy  in  their  dress  and  polite  in  their  manners. 

As  there  are  times  when  the  property  of  the  company  may 
be  endangered  and  no  one  especially  charged  with  its  care  be 
present,  the  rule  calls  on  all  to  look  out  for  the  protection  of 
such  property,  whether  in  their  particular  line  of  duty  or  not 
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DEFESriTIONS. 

6.  Various  E[lnds  of  Trains. — A  train  is  defined  as  an 
engine,  or  two  or  more  engines  coupled  together — whether 
any  cars  are  attached  or  not — displaying  markers.  It  is  to  be 
understood  that  markers  are  signals  that  are  carried  at  the 
rear  to  show  that  the  vehicle  bearing  them  is  the  last  one  in 
the  train.  Thus,  a  marker  on  a  single  engine  running  head 
first  would  be  a  green  flag  by  day  and  a  green  light  by  night, 
showing  toward  the  head  end  and  also  toward  the  side,  and 
located  on  each  side  of  the  rear  end  of  the  tender.  On  a  train 
of  cars,  the  markers  are  displayed  from  each  side  of  the  rear 
car  of  the  train,  and  is  a  notice  to  persons  concerned  that  the 
train  is  all  there.  There  is  a  difference  between  markers  and 
tall-llglits,  as  tail-light«  are  red  and  show  toward  the  rear 
only.     This  is  treated  of  in  Rule  19. 

A  regular  train  is  one  that  is  represented  on  the  iime-table. 
It  may  consist  of  sections,  each  of  which  runs  on  the  same 
schedule,  either  displaying  signals  for  a  following  train  or 
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following  signals  displayed  for  them  by  a  preceding  train. 
Rule  20  refers  to  the  carrying  of  such  signals,  which  are  called 
classification  sigrnals,  as  they  refer  more  particularly  to  the 
classification  of  trains. 

An  extra  train  is  one  not  represented  on  the  time-table. 
In  train  orders,  any  extra  train,  except  a  work  train,  is  desig- 
nated as  an  '* extra";  a  work  train  has  the  title  of  "work- 
extra,"  the  name  in  a  measure  defining  its  character.  This 
is  further  mentioned  in  form  H  of  Train  Orders. 

Extras  consist  of  one  section,  and  each  extm  has  some  iden- 
tifying mark  to  distinguish  it  from  other  extras.  In  the 
Standard  Code,  the  number  of  the  engine  drawing  the  train  is 
used  for  this  purpose;  in  the  case  of  a  double-header,  it  is  cus- 
tomary to  iise  the  numbers  of  both  engines  in  the  train  order. 

A  8ni>erior  train  is  one  having  precedence  over  other 
trains.  There  are  three  methods  of  giving  a  train  precedence: 
(1)  by  right,  which  is  conferred  by  train  order,  and  can  be 
given  or  taken  away  by  competent  authority;  (2)  by  class, 
which  is  conferred  by  the  time-table  and  lasts  during  the  life  of 
that  time-table,  unless  taken  away  by  a  train  order,  as  in  the 
case  of  annulling  a  train;  and  (3)  by  direction,  which  is  also 
conferred  by  the  time-table,  and  aflfects  only  trains  of  the  same 
class  in  their  relation  to  each  other.     See  Rule  81. 

Rigrlit  is  superior  to  either  class  or  direction;  right  is  given 
by  a  train  order  or  special  instruction,  which  is  to  be  obeyed 
instead  of  the  regular  rule  with  which  it  may  conflict.  A  train 
order  is  a  special  instruction  that  may  change  the  r^ular  rule; 
therefore,  rights  given  by  train  order  are  superior  to  class  rights. 
A  train  order  that  gives  rights  to  a  train  that  the  latter  does  not 
receive  from  the  time-table,  must  be  obeyed  to  the  letter. 

Trains  of  a  superior  class  have  precedence  over  those  of  an 
inferior  class,  as  shown  on  the  time-table,  and  over  all  extras 
unless  the  time-table  rights  are  changed  by  train  order. 

Trains  of  the  same  class  have  their  rights  according  to  direc- 
tion specified  in  the  time-table.  In  the  absence  of  any  train 
orders  or  special  instructions  to  the  contrary,  the  train  of  same 
class  not  having  the  right  by  direction  must  keep  ofif  the  time 
and  out  of  the  way  of  the  train  having  this  right     Form  C 
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of  Train  Orders  is  used  to  change  these  rights  from  one  train 
to  the  other. 

The  time-table  is  the  authority  for  the  movement  of  regular 
trains,  subject  to  the  rules.  It  contains  the  classified  schedules 
of  trains  with  special  instructions  relating  thereto.  Another 
definition  of  a  time-table  is,  the  general  law  governing  the 
time  of  all  regular  trains  at  all  stations.  Thus  it  will  be  seen 
that  the  time-table  should  not  be  confused  with  the  general  train 
rules,  which  are  not  a  part  of  the  time-table,  but  are  only 
printed  on  the  same  sheet  of  paper  or  in  connection  with  it  for 
convenience  in  consulting  them. 

Special  rales  relating  to  the  schedule  of  a  train  are  distinct 
from  the  general  rules  for  train  movements. 

The  schedule  of  a  train  is  that  part  of  a  time-table  that  pre- 
scribes (1)  its  class,  which  shows  its  rights  in  relation  to  other 
trains;  (2)  its  direction,  which  shows  its  right  as  to  other  trains 
of  the  same  class;  (3)  its  nuviber,  which  is  the  name  by  which 
we  identify  it;  and  (4)  its  movement,  which  shows  its  leaving 
and  arriving  times  at  different  stations.  On  the  schedule  of 
each  train  are  found  the  signs  that  indicate  regular  stops,  flag 
stops,  or  stations  where  the  train  does  not  stop. 

Usually,  the  tracks  over  which  trains  are  operated  are  known 
as  main  tracks,  sidingps,  and  yards.  A  sing^le  track  is 
defined  as  one  on  which  trains  are  operated  in  both  directions 
by  time-table  or  by  train  orders.  This  explanation  applies  also 
to  a  main  track. 

A  sldlngr  is  an  auxiliary  track  for  permitting  the  meeting  or 
passing  of  trains.  We  are  in  the  habit  of  calling  a  track  used 
for  unloading  or  loading  cars  a  siding  also,  but  the  above  defi- 
nition is  in  relation  to  train  movements  only. 

Yards  arc  systems  of  tracks  within  defined  limits,  provided 
for  the  making  up  of  trains,  storing  of  cars,  and  other  purposes, 
over  which  movements  not  authorized  by  time-table  or  train 
order  may  be  made,  subject  to  prescribed  signals  and  r^ula- 
tions.  Of  course,  it  is  understood  that  main  tracks  and  sidings 
for  passing  trains  can  be,  and  are,  within  the  limits  of  estab- 
lished yards,  and  the  rules,  both  general  and  special,  are  so 
arranged  as  to  facilitate  as  much  as  possible  the  yard  work 
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without  delaying  in  any  way  the  operation  of  trains  on  the 
main  line. 

Tard  engrines  are  those  assigned  to  yard  service  and 
working  within  yard  limits.  Yard  engines  carry  different 
signals  from  those  on  main-line  engines  when  at  work  as  such 
(see  Rule  18).  The  rules  give  them  certain  special  rights 
inside  yard  limits. 

A  pilot  is  a  person  assigned  to  a  train  when  the  engineman 
or  conductor,  or  both,  are  not  fully  acquainted  with  the  phys- 
ical characteristics  or  running  rules  of  the  road,  or  portion  thereof 
over  which  the  train  is  to  be  moved.  A  pilot  is  held  responsible 
for  the  safety  and  proper  running  of  the  train,  provided  his 
instructions  are  obeyed  by  the  crew  in  charge  of  the  engine  and 
train.  He  is  expected  to  look  out  for  meeting  points  on  the 
time-table  and  on  the  orders,  and  to  give  the  engineman  running 
the  engine  sufficient  notice  so  that  he  may  handle  the  train 
properly.  The  pilot's  name  should  appear  on  train  orders 
addressed  to  any  train  he  has  in  charge.     See  Rule  204. 

7.  Time  Standard. — In  order  that  all  train  movements 
controlled  by  the  time-table  or  that  have  the  element  of  correct 
time  in  consideration  may  be  exactly  carried  out,  it  is  neces- 
sary that  all  employes  shall  have  the  same  standard  of  time. 
To  secure  this,  at  a  certain  hour  of  the  day  the  correct  standard 
time  is  sent  to  all  offices  on  the  line  simultaneously  by  tele- 
graph, and  all  watches  used  by  conductors  and  enginemen 
must  be  compared  with  certain  of  these  clocks  (designated  as 
standard  clocks),  hefore  starting  out  on  a  trip,  to  ascertain  if 
they  show  the  correct  time.  It  is  not  sufficient  that  the 
watches  show  the  correct  time  after  being  compared  with  the 
standard  clock,  but  they  must  also  keep  good  time  until  the  next 
chance  for  comparing  them.  Only  watches  that  are  in  good 
order  will  do  this,  and  to  know  whether  or  not  they  are  in  good 
order,  it  is  necessary  to  have  them  inspected  by  a  competent 
person  at  regular  intervals,  just  as  an  engine  needs  close  inspec- 
tion at  regular  intervals  in  order  to  know  whether  it  is  in  good 
condition.  An  engine,  to  do  good  work,  must  be  well  built 
from  good  designs  and  receive  proper  attentiou  subsequently; 
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so  also  must  a  watch  be  well  built  and  well  taken  care  of. 
For  that  purpose,  there  has  been  devised  a  system  of  regular 
inspection  that  all  watches  in  train  service  must  pass,  a 
certificate  being  granted  to  that  effect,  this  certificate  running 
for  a  certain  length  of  time,  after  which  the  watch  must  be 
again  inspected.  A  form  that  can  be  filled  out  showing  the 
date  when  watches  are  compared  is  used  for  registering  this 
comparison.  Conductors  and  enginemen  should  compare  time 
wUh  each  other  just  before  starting  out  on  a  trip.  In  case  they 
do  not  have  access  to  a  standard  clock  to  get  the  correct  time 
before  starting  out,  it  is  customary  to  ask  for  the  correct  time 
by  wire  from  a  standard  clock.  These  methods  vary  so  much 
on  dififerent  roads  that  the  employe  should  first  ascertain 
exactly  how  it  is  done  on  the  road  upon  which  he  is  employed, 
and  then  follow  the  instructions  literally. 


TIME-TABIiES. 

8.  General  Explanation. — Every  time-table  has  a  num- 
ber by  which  it  is  identified,  and  also  the  date  and  liour 
at  which  it  goes  into  effect.  From  the  moment  it  goes  into 
effect  it  supersedes  the  preceding^  time-table,  which 
should  be  destroyed  at  once  in  order  to  prevent  any  chance 
of  its  being  substituted  or  exchanged  for  the  new  one,  thus 
preventing  the  use  of  an  outlawed  time-table.  For  the  pur- 
pose of  more  easily  distinguishing  a  new  table  from  the  old  one, 
it  is  sometimes  printed  on  paper  of  a  different  color,  so  as  to 
attract  attention.  The  time  of  day  at  which  a  new  time-table 
goes  into  effect  is  usually  set  at  an  hour  when  a  change  of  time 
will  make  as  little  trouble  in  the  movement  of  trains  as  possibla 

A  receipt  for  the  new  time-table  should  be  signed  by  both 
enginemen  and  conductors  when  it  is  issued  to  them,  and  it 
is  customary,  unless  the  receipt  is  on  file  in  the  dispatcher's 
office,  to  acknowledge  by  wire  the  receipt  of  a  new  time-table 
before  starting  out  on  the  first  trip  that  may  come  on  the  time 
of  the  new  table.  This  is  for  the  information  and  protectioQ 
of  the  officer  in  charge  of  train  movements. 
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In  regard  to  the  rights  of  trains  at  the  time  the  new  table 
supersedes  the  old  one,  there  are  two  forms  used  that  specify 
the  rights  of  regular  trains  at  that  moment.  Form  A  provides 
that  a  train  of  the  preceding  time-table  thereupon  loses  both 
right  and  class  and  can  thereafter  proceed  only  by  train  order. 
No  train  of  the  new  time-table  shall  run  on  any  division  until  it 
is  due  to  start  from  its  initial  point  on  that  division,  after  the 
time-table  takes  effect 

This  form  of  rule  (A)  takes  away  both  train-order  and  time- 
table rights  from  all  regular  trains  on  the  road  at  the  time  the 
new  time-table  goes  into  effect,  and  makes  them  get  train  orders 
as  extras  before  they  can  move  any  farther.  It  is  a  correct  move 
to  get  to  a  telegraph  office  at  the  time  the  new  time-table  takes 
effect  so  as  to  get  orders  without  delay. 

9.  Form  B  of  Rule  4  provides  that  each  time-table  from 
the  moment  it  takes  effect  supersedes  the  preceding  time-table. 
So  far,  it  is  of  the  same  effect  as  Form  A.  But,  in  the  treat- 
ment of  r^ular  trains  on  the  road  at  the  time  the  new  time- 
table takes  effect,  it  is  much  different.  It  states  that  a  train  of 
the  preceding  time-table  retains  its  train  orders  and  takes  the 
schedule  of  the  train  of  the  same  number  on  the  new  time-table. 
A  train  of  the  new  time-table  that  has  not  the  same  number  on 
the  preceding  time-table  shall  not  run  on  any  division  until 
it  is  due  to  start  from  its  initial  point  on  that  division,  after 
the  time-table  takes  effect  Thus,  under  the  rights  given  by 
Form  B  of  Rule  4,  any.  regular  train,  where  number  and  time 
were  not  altered,  could  run  right  along — off  one  time-table 
on  to  the  next  one.  If  the  time  were  later  on  the  new  time- 
table than  on  the  old  one,  the  train  would  have  to  wait 
during  the  interval,  as  no  train  can  run  ahead  of  time,  because 
it  has  no  existence  as  a  train  until  its  time  begins.  If,  on 
the  other  hand,  its  time  were  earlier  on  the  new  table  than 
on  the  old  one,  it  would  be  due  at  the  exact  time  given  on 
the  new  table,  and  inforior  trains  would  have  to  keep  out  of 
its  way.  This  train  could  make  up  the  interval  just  the  same 
as  any  delayed  train.  In  the  case  of  a  train  of  the  old 
table,  whose  number  and  schedule  did  not  appear  on  the 
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new  table,  its  rights  of  all  kinds  would  die  with  the  old 
table.  A  train  of  a  new  number  would  not  run  until  it  was 
due  to  start  from  the  initial  point  on  that  division  after  the 
new  table  took  effect. 

Some  companies  use  one  form  of  Rule  4  and  some  another. 
Carefully  study  the  time-table  of  your  own  road  when  answer- 
ing questions  in  regard  to  this  rule. 

10.     Government   of  Trains   by  Tlme-Table. — If   a 

new  train  is  timed  to  start  from  an  initial  point  on  any  division 
before  the  time-tal)le  takes  effect,  that  train  cannot  run  on  that 
division  until  the  next  day.  If  it  is  timed  to  start  from  the 
initial  point  after  the  time-table  takes  effect,  it  can  run  on  that 
division  on  that  day  even  though  it  may  be  a  train  that  runs  over 
several  divisions  previously  and  is  timed  on  them  previous  to  the 
time-table  taking  effect.  For  instance:  We  will  suppose  that 
there  are  three  divisions  of  the  same  road,  which  we  will  call  the 
First  Division,  the  Second  Division,  and  the  Third  Division. 
A  new  time-table  takes  effect  at  12  noon,  and  train  No.  4  is 
timed  to  start  out  on  the  First  Division  at  9  a.  m.,  arrive  at  the 
initial  point  on  the  Second  Division  at  11:30  a.  m.,  and  leave 
at  the  same  time;  to  leave  the  Second  Division  at  2  p.  m.,  and 
start  out  on  the  Third  Division  at  2:05  p.  m.  This  train  could 
not  run  on  the  First  Division  nor  on  the  Second  Division, 
because  it  was  timed  to  leave  on  each  of  them  before  12  noon, 
the  time  the  new  time-table  went  into  effect.  But  it  could  run 
on  the  Third  Division  as  a  regular  train  because  its  leaving 
time  at  the  initial,  or  beginning,  station  was  at  2:05  p.  m., 
which  is  after  the  time  the  table  took  effect;  the  other  trains 
that  No.  4  had  rights  over  would  therefore  have  to  get  train 
orders  or  else  keep  out  of  No.  4's  way. 

By  an  initial  station  is  meant  the  station  at  which  a  train 
begins  its  trip  on  a  division.  It  is  the  station  at  which  it  is 
first  timed  to  leave  on  its  schedule. 

11,  Times  Given  on  the  Table. — On  the  time- table, 
not  more  than  two  times  are  given  for  a  train  at  any  point. 
Where  one  time  is  given  it  is,  unless  otherwise  indicated,  the 
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leaving  time;  when  two,  they  are  the  arriving  and  the  leaving 
time.     Rule  92  contains  something  further  on  this  subject. 

12.     How  Meeting:  and  Passing:  Points  Are  Indicated. 

The  schedule  meeting:  and  passing:  points  of  a  train  are 
indicated  by  figures  in  full-faced  type,  thus,  3:16.  In  order  to 
attract  attention  to  this  matter,  both  the  arriving  and  leaving 
times  are  in  full-faced  figures  when  both  are  meeting  or  passing 
times,  or  when  one  or  more  trains  are  to  meet  or  pass  it  between 
those  times;  it  is  therefore  necessary  to  look  for  more  than  one 
train  there,  if  this  double  sign  is  on  the  time-table.  There 
are  other  ways  in  which  attention  can  be  called  to  this  matter  of 
meeting  more  than  one  train  at  any  point,  the  method  adopted 
not  being  the  same  for  all  roads  using  this  code. 

To  facilitate  reading  the  time-table,  and  make  it  brief,  signs 
are  used  that  are  placed  before  the  figures  on  the  schedule: 

*' s  "  indicates  a  regular  stop. 

"  f  "  indicates  flag  stop  for  passengers  or  freight 

** ^  "  indicates  stop  for  meals. 

*  *  1 "  indicates  leave. 

*  *  a  "  indicates  arrive. 

The  days  on  which  the  trains  are  due  to  run  are  usually 
printed  in  the  same  column  with  the  time,  and  the  class  of  the 
train  appears  on  the  time-table  at  the  top  of  the  columns. 


SIGNAIi    RUIiES. 

13.  General  Remarks. — In  order  that  employes  whose 
duties  require  that  they  give  signals  can  do  this  work  properly, 
they  are  held  responsible  for  providing  themselves  with  suit- 
able flags  of  the  prescribed  color  for  use  in  daytime,  and  with 
lamps  of  the  prescribed  color  for  use  by  night.  The  night 
signals  are  to  be  displayed  from  sunset  until  sunrise,  and  at  the 
same  time  the  flags  should  also  be  used  if  the  daylight  is  bright 
enough  so  that  the  flags  will  be  plainly  visible.  In  foggy  or 
dark  weather,  during  the  day,  the  night  signals  should  be  used 
in  addition  to  the  flags.  Red  is  the  universal  color  for  **stop,'' 
gn^'een  is  generally   used   for  ''caution,''   and  TvUte  is  a 
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•* safety"  color.  There  are  other  colors  used  for  caution  and 
safety,  of  which  yellow  is  one,  the  practice  of  different  roads 
varying  in  this  matter. 

14.  liamp  SIgrnals. — A  hand-lamp,  when  stationary  in  a 
yard,  should  not  be  mistaken  for  a  fixed  signal  of  the  same 
color.  The  effectiveness  of  lamp  signals  depends  as  much  on 
their  positive  motion  in  a  prescribed  manner  as  on  the  color  of 
the  signals,  and  it  should  be  borne  in  mind  that  both  hand- 
signals  and  lamp-signals  must  be  so  made  as  to  leave  no  doubt 
as  to  their  meaning. 

When  swung  across  the  track  it  means  **stop  at  once." 

If  raised  and  lowered  vertically,  it  means  "proceed." 

If  swung  vertically  in  a  circle  across  the  track  when  train  is 
standing,  it  means  "back  up";  it  is  customary  to  continue 
giving  this  signal  at  intervals  while  the  train  is  backing  up. 

If  swung  in  a  full-arm  circle  across  the  track  while  the  train 
is  running,  it  is  a  signal  that  the  train  is  "parted,"  and  such 
signal  should  be  repeated  until  a  response  is  given  by  the 
engineman.  The  engineman  should  give  the  "  break-in- two  " 
signal  immediately  when  he  discovers  that  the  train  has  parted, 
and  continue  giving  it  at  intervals  until  he  is  certain  the 
rear-end  men  know  of  it. 

If  swung  horizontally  in  a  small  circle  when  the  train  is 
standing  (the  movement  being  similar  to  that  of  a  brake  wheel), 
it  is  the  signal  to  apply  the  air  brakes;  the  signal  to  release 
brakes  is  given  by  holding  the  lamp  or  hand  at  arm's  length 
above  the  head. 

It  is  important  that  this  signal  should  not  be  confused  with 
the  signals  sometimes  given  to  start  ahead;  as  a  signal  to  release 
the  air  brakes  does  not  mean  "go  ahead,"  the  brakes  must  be 
inspected  to  be  sure  that  they  are  0.  K.  before  leaving.  Any 
object  waved  violently  by  any  one  on  or  near  the  track  must 
be  regarded  as  a  signal  to  stop.  Persons  not  in  the  service 
of  the  company  may  see  some  danger  to  the  train,  and  as  they 
do  not  always  know  the  code  of  proper  signals,  any  violent 
signal  must  be  taken  for  "stop";  so  ascertain  the  cause 
before  proceeding. 
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1 5.  Fusee  Slgrnals. — A  fusee  is  an  extra  danger  or  caution 
signal.  It  is  lighted  and  placed  on  or  near  the  track  and  denotes 
tiiat  a  train  has  recently  passed  which  must  be  looked  out  for, 
or  that  some  condition  of  track  requires  a  stop,  or  caution  in 
subsequent  movements.  A  red  fusee  indicates  danger  and  must 
not  be  passed  until  it  burns  out.  A  green  fusee  indicates 
caution  and  denotes  that  the  train  must  be  brought  under 
perfect  control,  and  a  sharp  lookout  kept  for  a  danger  signal. 

16.  Whistle  Slgrnals. — The  whistle  signal  given  by  the 
steam  whistle  of  the  engine  should  be  clear  and  distinct,  and  the 
blast  should  be  of  the  proper  length,  as  specified  in  Rule  14, 
with  the  proper  interval  of  silence  between  the  blasts.  Signals 
intended  to  be  heard  a  long  distance  should  be  given  louder 
and  longer  than  those  for  a  short  distance.  Some  of  the  signals 
are  prescribed  by  law,  and  must  be  given  with  the  proper  inter- 
vals, so  that  they  can  be  easily  understood  and  not  be  confused 
with  signals  given  for  another  purpose.  For  instance:  The 
signals  prescribed  for  a  public  crossing  at  grade  should  be  given 
clear  and  distinct,  and  not  with  some  of  the  blasts  running 
together;  this  should  be  done  in  order  that  this  signal  may 
not  be  mistaken  for  the  break-in-two  signal  or  the  signal  to 
denote  that  signals  are  being  carried  for  a  following  train. 
A  careless  use  of  signals  impairs  their  effectiveness. 

One  short  distinct  blast  means  **stop — apply  brakes.*' 

Two  moderately  long  blasts  with  a  short  interval  between 
them  means  "release  brakes.'* 

One  long  blast  followed  by  three  short  blasts  is  a  notice  for 
the  flagman  to  go  back  and  protect  the  rear  of  the  train. 

Four  long  blasts  is  the  signal  to  call  in  the  flagman  from 
West  or  South. 

Five  long  blasts  is  the  signal  to  call  in  the  flagman  from 
East  or  North. 

Three  long  blasts,  when  running,  means  that  the  train  has 
parted.  This  signal  must  be  repeated  until  answered  from  the 
train  as  prescribed  by  Rule  12.  This  same  signal  must  be 
used  in  answer  to  a  signal  from  the  train  that  the  train  has 
parted. 
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Two  short  blasts  close  together  is  an  answer  to  any  signal 
given  to  the  engineer  that  is  not  otherwise  provided  for.  This 
signal  is  sometimes  called  the  "all-right"  signal. 

Three  short  blasts  close  together,  when  the  train  is  standing,  is 
a  signal  that  the  train  is  about  to  be  backed  up.  It  is  also  the 
proper  answer  to  a  signal  to  the  engineer  to  back  up. 

Four  short  blasts  close  together  is  a  signal  given  when  calling 
for  signals  from  some  one  else  that  will  govern  the  movement 
of  your  engine  or  train. 

One  long  blast  followed  by  two  short  ones  should  call  the 
attention  of  trains  of  the  same  or  inferior  class  to  signals  dis- 
played on  your  engine  for  a  following  section.  If  this  whistle 
signal  is  not  answered  by  the  trains  whose  rights  are  affected  by 
the  classification  signals  carried  by  you,  it  is  your  duty  to  be 
sure  and  get  the  notice  to  them  at  once,  even  if  it  requires  a 
stop  and  a  personal  notice  to  the  crew  of  such  train. 

Two  long  blasts  followed  by  two  short  ones  is  the  signal  given 
when  approaching  public  crossings  at  grade.  This  signal  is 
required  by  law  in  a  great  many  States,  and  should  be  properly 
given,  and  at  the  legal  distance  prescribed,  in  order  that  it  may 
be  a  legal  notice. 

A  succession  of  short  blasts  is  an  alarm  for  persons  or  cattle 
on  the  track,  and  calls  the  attention  of  trainmen  to  danger 
ahead. 

17.  Torpedo  Sigrnals. — Torpedo  signals  are  audible 
signals  made  by  an  explosion  which  produces  a  loud  sharp 
report,  that  attracts  the  attention  of  all  hearing  it.  Torpedoes 
should  not  be  placed  where  they  will  injure  any  one  by  their 
explosion;  thus,  they  should  be  kept  away  from  passenger  plat- 
forms and  other  localities  where  passers-by  might  be  injured  by 
fragments.  The  explosion  of  one  torpedo  is  a  signal  to  stop, 
the  explosion  of  two — not  more  than  200  feet  apart — is  a  signal 
to  reduce  speed  and  look  out  for  a  stop  signal  later.  In  case 
two  torpedoes  are  put  down  and  only  one  of  them  explodes,  it 
gives  the  stop  signal,  while  it  is  intended  for  **proceed  slowly"; 
the  train  should  stop  at  once,  and  a  man  be  sent  ahead,  if 
necessary,  or  the  train  proceed  very  cautiously. 
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18.  Alp  or  Bell-Cord  SIgrnals. — Signals  given  by  the 
air  signal  or  by  the  bell  cord  operating  the  cab  bell  on  the 
engine  are  used  as  follows: 

Two  sounds  when  train  is  standing  is  a  signal  to  start. 

Two  sounds  when  the  train  is  moving  is  a  signal  to  stop 
at  once. 

Three  sounds  when  the  train  is  standing  is  a  signal  to  back  up. 

Three  sounds  when  the  train  is  running  is  a  signal  to  stop  at 
the  next  station. 

Four  sounds  when  train  is  standing  is  a  signal  to  apply  or 
release  air  brakes. 

Four  sounds  when  train  is  running  is  a  signal  to  reduce  speed. 

Five  sounds  when  train  is  standing  is  a  signal  to  caU  in 
flagmen. 

Five  sounds  when  train  is  running  is  a  signal  to  increase 
speed. 

It  will  be  noticed  that  one  sound  alone  is  not  used  for  a 
signal,  as  it  may  be  given  accidentally,  as  by  the  train  parting, 
or  by  some  derangement  of  the  signaling  apparatus. 


TRAIN    SIGNAIjS. 

19.  Enprine  lil^hts. — The  headlight  will  be  displayed  to 
tlie  front  of  every  train  by  night,  but  must  be  concealed  when  a 
train  turns  out  to  meet  another  and  has  stopped  clear  of  main 
track,  or  in  standing  to  meet  trains  at  the  end  of  double  tracks, 
or  at  junction  points.  You  will  notice  that  no  particular  class 
of  train  is  specified  in  this  rule,  which  makes  it  apply,  there- 
fore, to  every  train — even  to  a  passenger  train  in  to  clear  for  a 
freight,  or  a  superior  train  in  to  clear  for  an  inferior  train.  It  is 
customary  to  regard  an  open  headlight  showing  toward  an 
approaching  train  as  a  signal  that  the  route  of  the  approaching 
train  is  blocked.  If  the  headlight  is  covered,  the  route  is  sup- 
posed to  be  clear.  In  case  a  headlight  is  obscured  by  cars  ahead 
of  it  concealing  it  from  the  view  of  the  approaching  train,  it  is 
acting  the  part  of  safety  to  flag  the  approaching  train  in  case  its 
track  is  not  clear.     If  two  or  more  trains  are  taking  the  siding 


' 
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for  an  ap{)roaching  train,  it  is  a  safe  precaation  for  the  leading 
engine  to  show  an  open  headlight  until  all  the  trains  are  in  to 
clear.  Rule  17  does  not  in  so  many  words  specify  this,  but 
special  rules  do.  In  the  absence  of  any  special  rules  to  govern 
the  case  of  a  disabled  headlight  that  does  not  show  as  provided 
by  Rule  17,  it  should  be  the  duty  of  the  person  in  charge  of  tiie 
train  to  notify  the  superintendent  that  the  headlight  is  disabled 

20.  Tard-Enfirlne  liigrl^ts. — ^Yard  engines  will  display  a 
headlight  to  both  front  and  rear  by  night  In  case  there  is  no 
headlight  showing  to  the  rear,  two  white  lights  must  be  dis- 
played. The  two  white  lights  are  to  show  that  the  engine  is 
a  yard  engine,  and  hence  that  no  markers  are  displayed;  there- 
fore, the  rear  of  the  engine  itself,  or  the  string  of  cars  attached 
to  it  when  at  work,  does  not  show  that  the  entire  train  has 
passed,  as  is  the  case  with  main-line  trains.  Yard  engines  will 
not  display  markers. 

21.  Markers. — On  each  side  of  the  rear  of  every  train  a 
green  flag  will  be  displayed  by  day  as  markers  to  indicate  the 
rear  of  the  train.  By  night  will  be  displayed  a  green  light  to 
the  front  and  side  and  a  red  light  to  the  rear.  When  the  train 
turns  out  to  be  passed'  by  another  and  is  clear  of  the  main  track, 
the  red  light  must  be  changed  for  a  green  one  so  that  green 
lights  will  then  show  to  the  front,  side,  and  rear. 

Ordinarily,  the  markers  and  tail-lights  are  combined  in  one 
lamp  having  three  or  more  lenses  of  the  proper  color. 

It  is  very  important  that  these  lamps  be  in  good  order  and 
bum  brightly,  as  the  green  light  showing  ahead  is  a  signal 
to  the  engineer  that  the  rear  end  is  coming,  the  one  toward 
the  side  is  the  marker  for  passing  trains  or  station  employes, 
while  the  red  light  serves  to  locate  the  rear  end  of  the  train  for 
following  trains,  that  they  may  not  come  in  collision  with  it 

22.  Trains  Runninfir  In  Sections. — When  a  r^lar 
train  runs  in  sections,  all  the  sections  except  the  last  one  will  dis- 
play two  green  flags  by  day  or  night,  and  in  addition,  two  green 
lights  by  night  in  the  places  provided  for  that  purpose  on  the 
front  of  the  engine.     These  signals  are  called  dastification  signabt 
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lis  they  show  that  the  following  section  has  the  same  class  rights 
as  the  train  carrying  the  signal.  The  place  provided  for  these 
signals  is  up  next  the  headlight  or  stack,  whether  the  engine  is 
running  forward  or  backward,  while  markers  are  carried  at 
the  rear  end.  If  the  engine  is  backing  up,  the  markers  will  be 
carried  on  the  pilot. 

Extra  trains  carry  two  white  flags  by  day  and  in  addition 
two  white  lights  by  night,  in  the  places  provided  for  that 
purpose  on  the  front  of  the  engine. 

While  Rule  20  does  not  say  in  so  many  words  that  only  reg- 
ular trains  can  carry  green  signals  for  a  following  section,  yet 
the  definition  of  a  regular  train  makes  that  clear. 

23.  Double-neading:. — If  two  or  more  engines  are 
coupled  to  a  train,  only  the  leading  engine  will  display  the 
signals,  as  provided  in  Rules  20  and  21.  The  flags  must  not 
be  taken  down  at  night  when  the  lamps  are  displayed,  but 
flags  are  to  be  used  both  day  and  night  with  the  addition  of 
the  lamps  between  sunset  and  sunrise. 

In  case  only  one  flag  or  lamp  is  displayed  where  two  are 
required  by  Rules  19,  20,  and  21,  it  will  indicate  the  same  as 
two;  but  in  order  that  they  may  be  visible  to  all  concerned,  no 
matter  on  which  side  of  the  engine  they  may  be  located,  it  is 
very  important  that  two  be  displayed  so  that  all  can  see  them. 

24.  Slffnal  Given  by  Train  Carrying  FolloTvlng:* 
Section  Hljornals. — The  signal  to  be  given  by  the  engineman 
carrying  signals  to  call  the  attention  of  trains  of  the  same  or 
inferior  class  to  signals  displayed  for  a  following  section  is 
one  moderately  long  blast  followed  by  two  short  ones.  This 
should  be  carefully  attended  to,  as  it  is  a  matter  of  the  greatest 
importance  that  trains  be  notified  of  following  sections.  Engine- 
men  of  trains  that  may  be  notified  by  the  whistle  signal  that 
signals  are  carried  for  following  sections,  should  reply  with  the 
answering  signal  of  two  short  blasts  of  the  whistle. 

25.  Engrlne  Pusliinfir  Cars. — When  cars  are  pushed  by 
an  engine  (except  when  shifting  or  making  up  trains  in  yards) 
a  white  light  must  be  displayed  on  the  front  of  the  leading 
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car  at  night  It  is  also  customary  to  provide  for  a  man  to 
be  stationed  on  this  leading  car  at  the  end  farthest  from  the 
engine,  either  by  day  or  by  night,  to  keep  lookout  and  give 
signals,  if  necessary.  This  is  certainly  a  safety  precaution  in 
case  cars  are  pushed  over  public  crossings,  in  order  that  warning 
may  be  given  if  persons  are  on  the  track  or  the  track  is  in 
any  way  obstructed.     See  Rule  102. 

26.  Sigrnalingr  From  Cars  to  Fni^Ine. — Each  car  on  a 
passenger  train  must  be  connected  with  the  engine  by  a 
communicating  signal  appliance.  This  may  consist  of  a  bell 
cord  reaching  from  the  rear  end  of  the  last  car  to  the  gong 
bell  in  the  engine  cab,  or  to  an  air-signal  device.  It  should  be 
tested  before  starting  out  on  a  trip,  to  be  sure  that  it  is  in  work- 
ing order.  You  will  notice  that  Rule  16  does  not  state  any- 
thing about  one  sound  of  the  signal.  If  only  one  sound  is 
given,  it  is  a  sign  that  something  is  wrong  with  the  signal 
apparatus  or  that  the  train  has  parted.  In  the  event  of  the 
signal  apparatus  being  at  fault,  it  may  be  that  the  trainmen 
are  trying  to  give  the  proper  signals  and  that  the  device  does 
not  work  after  the  first  pull.  Notice  should  be  taken  at  once 
of  any  signal  that  may  be  given,  and  attention  directed  to  the 
other  end  of  the  train,  in  order  to  see  if  other  signals  are  given. 

27.  Protecting:  'Workmen     Under     Engine,     Etc. 

Steps  should  be  taken  to  protect  persons  that  may  be  working 
under  or  about  any  car  or  engine,  so  as  to  insure  its  not  being 
moved  or  even  having  anything  else  coupled  on  to  it  For  this 
purpose,  a  blue  flag  by  day  and  a  blue  light  by  night  is  dis- 
played on  one  or  both  ends  of  any  engine,  car,  or  train  it  is 
thus  desired  to  protect,  and  no  car,  train,  or  engine  must  be 
moved  while  so  protected.  When  a  blue  flag  or  light  is  thus 
displayed,  it  must  be  removed  only  by  the  man  that  placed  it 
there.  Other  cars  must  not  be  placed  so  as  to  hide  or  cover 
the  view  of  the  blue  signal  without  first  notifying  the  workmen 
in  order  that  they  can  set  the  blue  signal  where  it  is  again 
visible.  If  a  car  thus  protected  is  moved,  it  may  kill  or  wound 
the  workman  that  relies  on  the  protection  of  this  signal. 
A  fixed  signal  is  one  of  fixed  location  indicating  a  condition 
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affecting  the  movement  of  a  train.  They  are  used  at  railroad 
crossings,  junction  points,  stations,  and  other  points,  in  accord- 
ance with  special  instructions  issued  by  proper  authority. 

28.  Sigrnals  Imperfectly  Displayed. — It  is  one  of  the 

foundation  rules  for  the  use  of  signals  that  a  signal  imper- 
fectly displayed,  or  the  absence  of  a  signal  where  one  is  usually 
shown,  shall  be  regarded  a  stop  sigrnal,  and  the  fact  must  be 
reported  as  soon  as  possible  to  some  responsible  authority. 
If  an  imperfectly  displayed  signal  were  to  be  regarded  as  a 
''clear"  signal,  the  train  might  get  up  so  close  that  a  stop 
could  not  be  made  at  the  proper  place;  also,  if  the  absence  of  a 
signal  were  regarded  as  a  clear  signal,  it  might  cause  the  same 
trouble.  Thus,  the  proper  and  safe  plan  is  to  at  once  reduce 
speed  and  be  ready  to  stop.  Also,  the  occurrence  should  be 
reported  to  the  proper  authority  at  once,  so  that  following 
trains  can  be  notified  and  measures  taken  to  have  the  signal 
properly  displayed  or  replaced. 

29.  Stoppingr  at  Flag:  Stations. — To  stop  trains  at  a 
flag  station,  a  combined  green  and  white  signal  is  to  be  used. 
In  case  a  train  is  to  be  stopped  at  any  point  not  a  flag  station 
for  that  train,  a  red  signal  must  be  used.  This  would  imply 
that  a  green  and  white  signal  will  not  stop  a  train  unless  it  is 
shown  on  the  schedule  that  it  is  a  flag  station  for  that  train. 

When  any  signal  is  given  to  stop  a  train,  it  must,  unless  it  is 
a  fixed  signal,  be  acknowledged  by  two  short  blasts  of  the 
engine  whistle,  as  provided  by  Rule  14.  This  is  important 
especially  when  acknowledging  signals  of  a  flagman  who  is 
acting  under  Rule  99.  If  the  conductor  should  happen  to  give  a 
bell-cord  or  air- whistle  signal  at  the  same  time,  and  the  engine- 
man  answers,  such  answer  may  be  mistaken  by  the  flagman  as 
an  answer  to  his  signal  to  stop,  and  the  flagman  should  bear 
this  in  mind  and  be  sure  to  get  the  engineman's  attention. 

30.  "Ringing  'Engine  Bell. — The  engine  bell  must  be 
rung  whenever  the  engine  is  about  to  move,  in  order  to  give 
warning  to  any  one  under  or  about  the  engine  or  the  cars 
attached  to  that  engine.  It  must  also  be  rung  on  approaching 
every  public  road  crossing  at  grade,  and  continued  until  the 
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crossing  is  passed.  In  many  States  this  is  required  bylaw; 
the  distance  is  usually  40  rods,  in  some  cases  80  rods.  The 
whistle  must  also  be  sounded  at  all  whistling  posts,  eome  of 
which  are  for  stations  and  railroad  crossings,  and  others  for 
highway  crossings.  Rule  14  requires  that  the  whistle  signal 
for  highway  crossings  shall  be  two  long  blasts  followed  by  two 
short  blasts,  with  a  short  interval  between  each  of  the  blasts; 
and  for  stations,  junctions,  and  crossings  of  railroads  at  grade,  a 
moderately  long  distinct  blast  As  a  too  frequent  use  of  the 
whistle  interferes  with  its  effectiveness,  and  as  it  is  also  prohib- 
ited by  law  in  many  cities  and  municipalities,  its  unnecessary 
use  is  prohibited  by  Rule  32;  stUl,  it  must  be  used  when 
required  by  the  law  or  by  the  rules. 

Watchmen  at  public  crossings  are  not  allowed  to  use  red 
signals  except  to  stop  trains.  This  rule  implies  that  a  watch- 
man should  have  two  flags,  one  to  signal  trains  ahead  and  one 
to  stop  them. 

CliASSIFICATION   OF  TRAINS. 

31.  How  Classified. — Trains  are  clafislfled  on  the  time- 
table. Their  schedules  of  leaving  and  arriving  times,  and  also 
their  numbers,  are  arranged  in  the  several  classes,  Jbrdj  second^ 
third,  and  so  on,  in  regular  order.  Trains  of  the  first  class  are 
superior  to  those  of  the  second;  trains  of  the  second  class  are 
superior  to  those  of  the  third,  etc.  Extra  trains  are  inferior  to 
regular  trains  of  whatever  class.  Therefore,  first-class  trains 
have  the  right  of  track  over  all  trains  of  inferior  class  and 
extras;  second-class  trains  have  right  of  track  over  all  thW- 
class  trains  and  extras;  third-class  trains  have  similar  rights 
over  inferior  trains,  and  so  on.  Trains  moving  in  a  certain 
direction  specified  on  the  time-table  are  superior  to  trains  of 
the  same  class  moving  in  the  opposite  direction.  This  does 
not  refer  to  extras,  as  they  are  not  represented  on  the  time- 
table and  do  not  have  any  rights  unless  they  are  conferred  bf 
train  order. 

32.  Train  liosingr  Its  Rigrhts. — When  any  regular  train 
becomes  twelve  hours  behind  schedule  time,  it  loses  all  rigbtS} 
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both  those  given  it  by  train  orders  and  by  time-table,  and  can 
thereafter  proceed  only  by  special  order.  As  this  outlawed  train 
loses  its  train-order  rights,  it  follows  that  any  meeting  orders  in 
its  favor  also  die,  and  other  trains  so  held  can  proceed  against 
them  the  same  as  if  they  were  annulled.    See  Rule  220. 


MOVEMENTS   OF   TRAINS. 

83.  Train  lieavingr  Initial  Station. — ^A  train  must  not 
leave  its  initial  station  on  any  division,  or  a  junction,  or  pass 
from  double  to  single  track,  until  it  is  ascertained  whether  all 
trains  due,  which  are  superior,  or  of  the  same  class,  have 
arrived  or  left  At  all  such  points  it  is  customary  to  have  a 
register,  and  all  trains  that  arrive  or  leave  register  the  fact, 
giving  the  train  number  and  the  exact  time.  This  is  the  duty 
of  the  person  in  charge  of  the  train;  it  should  be  promptly 
attended  to,  as  inferior  trains  cannot  proceed  until  it  is  defi- 
nitely known  that  there  are  no  overdue  trains  that  affect  their 
rights.  In  some  cases  a  special  rule  requires  the  engineman  of 
the  train  to  find  out  for  himself,  by  examining  the  register 
personally,  that  he  has  a  right  to  proceed.  If  this  personal 
examination  of  the  register  is  not  required  by  the  rules,  the 
engineman  should  inquire  of  the  conductor  if  all  overdue  trains 
have  arrived. 

In  the  case  of  a  train  of  the  same  class  going  in  the  same 
direction  from  an  initial  station  or  junction  as  the  overdue 
train,  it  can  proceed  on  its  own  schedule  while  on  time  and  the 
overdue  train  will  follow,  being  governed  by  Rule  91,  which 
requires  the  overdue  train  to  run  five  minutes  behind  the  other's 
schedule  except  at  meeting  and  passing  points,  where  they  can 
close  up.  This  separation  time  varies  on  different  roads  using 
the  Standard  Code,  and  the  student  should  inform  himself  as 
to  the  time  limit  used  on  his  road. 

34.  Starting:  of  Train. — The  train  must  not  start  until  the 
proper  sigrnal  is  given.  This  means  a  signal  from  the  proper 
person  as  well  as  one  given  in  the  proper  manner.  The  proper 
person  to  give  a  signal  to  start  is  the  one  in  charge  of  the  train. 
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the  conductor;  as  he  is  the  only  man  that  is  sure  to  know  that 
the  train  is  ready  to  move,  it  is  his  duty  to  find  this  out. 
At  some  crowded  stations,  the  matter  of  starting  trains  is  in  the 
hands  of  one  person,  who  gives  signals  for  any  and  all  trains  to 
leave,  which  prevents  delays  that  would  otherwise  hold  all 
trains,  as  the  time  between  trains  may  be  very  limited. 

The  signal  should  be  given  in  the  proper  manner  specified  in 
the  rules,  so  that  there  may  be  no  chance  of  confusing  it  with 
other  signals  and  so  starting  a  train  before  it  is  ready  to  move. 

35.  Inferior  and  Superior  Trains. — An  inferior  train 
must  keep  out  of  the  way  of  a  superior  train.  This  is  one 
of  the  most  important  rules  connected  with  train  operations, 
and  for  the  safety  of  all,  it  must  be  lived  up  to  literally.  The 
superior  train  moves  along  relying  on  this  being  done,  and  the 
burden  of  its  observance  falls  on  the  inferior  trains  only. 

When  there  is  a  time  limit  of  clearance  imposed  by  the  rules, 
in  which  the  inferior  train  must  clear  the  superior  train,  no 
part  of  the  clearance  time  before  the  superior  train  is  due  can 
be  used  to  get  in  off  the  main  track.  In  case  any  train  fails 
to  clear  the  main  track  by  the  time  required  by  rule,  it  must  be 
protected  as  provided  in  Rule  99,  by  having  a  flagman  out  a 
sufficient  distance  to  insure  full  protection,  and  the  flagman 
must  be  out  at  the  proper  distance  before  the  moment  arrives 
at  which  the  clearance  time  begins. 

One  of  the  cardinal  points  in  the  safety  of  train-movement  is 
that  a  train  which  is  not  in  to  clear  at,  or  before,  the  time 
specified,  must  be  protected.  At  meeting  points  between  trains 
of  the  same  class,  the  inferior  train  must  clear  the  main  track 
before  the  leaving  time  of  the  superior  train,  and  must  pull 
into  the  siding  when  practicable.  If  necessary  to  back  in,  the 
train  must  first  be  protected  as  per  Rule  99,  unless  otherwise 
provided.  This  rule  applies  to  trains  of  the  same  class  where 
one  of  them  is  superior  by  direction,  and  the  one  not  having 
right  to  the  main  track  should  head  in  wherever  possible,  and 
thus  leave  the  main  track  clear  for  the  approaching  superior 
train.  If  it  is  necessary  to  pull  by  the  siding  to  be  used 
for  passing  and  back  in,  a  flagman  must  first  be  sent  out  a 
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sufficient  distance  to  insure  full  protection.  Special  rules  are 
very  often  made  to  suit  certain  locations,  providing  that  the 
superior  train  by  direction  shall  take  the  siding. 

At  meeting  points  between  trains  of  dififerent  classes,  the 
inferior  train  must  take  the  siding  and  clear  the  superior  train 
at  least  five  minutes,  and  must  pull  into  the  siding  when  practi- 
cable; in  case  it  is  necessary  to  back  in,  the  train  must  first  be 
protected  as  per  Rule  99,  unless  otherwise  provided.  Rule  99 
requires  that  the  inferior-class  train  keep  entirely  off  the  main 
track  for  a  space  of  five  minutes  before  the  superior  train  is  due, 
and  in  case  they  cannot  head  into  a  siding  they  must  be  fully 
protected  while  pulling  by  and  backing  in. 

An  inferior  train  must  keep  at  least  five  minutes  ofiF  the  time 
of  a  superior  train  running  in  the  same  direction,  and  the  com- 
mittee having  in  charge  the  revision  of  the  Standard  Code 
recommended  that  in  case  five  minutes  is  not  considered 
enough,  it  should  be  made  ten  minutes  when  the  superior  train 
is  following.  They  also  recommend  that  at  meeting  points 
of  trains  of  the  same  class,  a  clearance  time  of  five  minutes  be 
allowed  for  greater  safety. 

36.     Approacliingr     Meeting^    and    Passing^    Points. 

Trains  must  stop  at  all  schedule  meeting  or  passing  points  if  the 
train  to  be  met  or  passed  is  of  the  same  class,  unless  the  switches 
are  right  and  the  track  clear.  This  means  that  a  train  must 
approach  such  a  point  under  full  control  and  expecting  to  find  the 
other  train  not  clear  of  the  main  track.  While  the  rule  requires 
that  the  inferior  train  get  in  out  of  the  way  before  the  other 
train  is  due  to  pass  the  point,  yet,  there  are  so  many  conditions 
that  may  delay  the  inferior  train  after  arrival  at  the  schedule 
meeting  or  passing  point,  that  for  protection  to  both  trains,  it  is 
necessary  that  the  superior  train  be  ready  to  stop,  and  this  stop 
is  made  before  reaching  the  switch  that  is  to  be  u^ed  by  the 
inferior  train  going  on  the  siding.  If  the  switches  are  all  right 
and  the  track  clear,  the  superior  train  is  not  obliged  to  come  to 
a  full  stop;  but  if  the  inferior  train  is  not  there,  all  subsequent 
sidings  must  be  approached  prepared  to  stop,  as  the  expected 
train  may  be  delayed  there  and  not  be  in  to  clear. 
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37.  Trains  Moving^  in  Same  Direction. — ^Trains  in 
the  pame  direction  must  keep  at  least  five  minutes  apart,  except 
in  closing  up  at  stations  or  at  meeting  or  passing  points.  This 
rule  makes  no  mention  of  any  class  rights,  but  trains  of  inferior 
class  must  keep  at  least  five  minutes  off  the  time  of  superior-class 
trains,  by  Rule  89,  and  in  that  way  not  delay  them.  It  is  not 
unusual  to  increase  the  clearance  time  to  ten  minutes  or  more, 
as  one  of  the  dangers  of  train  operations  is  that  of  a  following 
train  striking  the  rear  end  of  the  preceding  one;  this  is  the 
cause  of  a  greater  number  of  accidents  than  head-end  collisions. 
When  closing  up  at  meeting  or  passing  points,  it  is  intended 
that  following  trains  shall  come  in  **  under  control,''  expecting 
to  find  the  main  track  occupied. 

There  is  some  difference  of  opinion  as  to  the  exact  meaning  of 
the  term  under  control.  Its  use  implies  such  a  speed  as  will 
insure  getting  stopped  before  striking  any  obstruction.  This, 
when  following  a  train,  may  mean  a  certain  speed,  as  there  will 
be  all  the  distance  from  which  the  obstruction  is  first  visible  to 
stop  in;  but  if  meeting  an  approaching  train,  there  will  be  only 
half  that  distance,  as  the  other  train  will  use  half  of  it  to  stop 
in,  and  therefore  the  speed  should  be  less  than  in  the  first  case. 
A  good  definition  of  ** under  control"  is  that  you  should  be  mov- 
ing at  such  a  rate  of  speed  that  the  train  can  be  stopped  in  one- 
half  your  range  of  vision.  This  will  be  a  very  slow  speed  on 
curves  and  down  grade,  and  a  much  higher  speed  on  straight 
track,  with  all  the  conditions  favorable  to  see  a  long  distance. 
A  usual  error  of  all  trainmen  is  underestimating  the  speed 
and  momentum  of  their  train  when  moving  **  under  control." 

38.  Train  to  Run  on  Time. — A  train  must  not  arrive  at 
a  station  in  advance  of  its  schedule  arriving  time.  Rule  5 
defines  the  schedule  arriving  time,  as  well  as  what  is  considered 
the  leaving  time. 

A  train  must  not  leave  a  station  in  advance  of  its  leaving 
time,  one  of  the  cardinal  principles  of  the  Standard  Code  being 
that  a  train  has  no  existence  until  its  schedule  time  has  arrived, 
and,  therefore,  no  train  can  run  ahead  of  its  schedule  time  even 
by  virtue  of  train  orders. 
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A  regular  train  that  is  delayed  and  thereby  falls  back  on  the 
time  of  another  train  of  the  same  class  will  proceed  on  its  own 
schedule.  This,  of  course,  implies  that  the  delayed  train  will 
keep  a  lookout  for  the  following  train  in  order  to  protect  them 
against  a  rear-end  collision.  The  train  register  will  advise  the 
following  train  that  the  other  has  preceded  it. 

39.  Overtaking  a  Superior  Train. — A  train  that  over- 
takes a  superior  train,  or  a  train  of  the  same  class  so  disabled 
that  it  cannot  proceed,  will  pass  it,  if  practicable,  and,  if  neces- 
sary, will  assume  the  schedule  and  take  the  train  orders  of  the 
disabled  train,  and  proceed  to  the  next  open  telegraph  office 
and  report  to  the  proper  officer.  The  disabled  train  will 
assume  the  schedule  and  take  the  train  orders  of  the  last  train 
with  which  it  has  exchanged,  and  proceed  to,  and  report  from, 
the  next  open  telegraph  office.  It  is  obvious  from  the  wording 
of  the  above  rule  that  it  provides  for  one  train  passing  another 
of  the  same  or  superior  class  at  a  non-telegraph  station; 
because,  if  this  were  to  happen  at  an  open  telegraph  office,  it 
could  be  at  once  arranged  by  train  order,  and  so  no  delay  or 
difficulty  occur  to  the  train  passing  the  disabled  one.  The 
qualifying  words  **if  necessary"  mean  that  if  the  train  can 
proceed  on  its  own  rights  and  orders,  it  need  not  exchange 
orders  with  the  disabled  train,  but  may  pass  it  and  proceed 
to  the  next  open  telegraph  office  and  report  for  orders.  If  the 
schedule  and  orders  are  exchanged,  such  action  invests  the 
disabled  train  with  the  rights  and  orders  it  has  received  in 
exchange  for  the  ones  it  had,  and  if  more  than  one  exchange 
is  needed  with  passing  trains,  this  rule  still  holds  good. 
When  exchanges  are  thus  made,  the  disabled  train  is  less 
liable  to  become  outlawed  by  getting  over  twelve  hours  late. 

40.  Displaying^  Slg^nals  for  FoUoTvlng^  Section. — ^A 

train  must  not  display  signals  for  a  following  section,  nor  an 
extra  train  be  run,  without  orders  from  some  proper  authority 
specified  in  the  rules.  This  keeps  in  the  hands  of  one  respon- 
sible officer  the  power  of  starting  trains  not  already  provided 
for  by  the  time-table. 
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When  signals  displayed  for  a  section  are  taken  down  at  any 
point  before  that  section  arrives,  the  conductor  will,  if  there  is 
no  other  provision,  arrange  with  the  operator  to  notify  all 
opposing  trains  of  the  same  or  inferior  class  leaving  such  point 
that  the  section  for  which  the  signals  were  displayed  has  not 
arrived.  If  there  is  no  operator,  the  conductor  will  arrange 
with  the  switch  tender,  or,  in  the  absence  of  both  of  these  men, 
with  the  flagman  left  there  for  the  purpose.  A  place  is  usually 
provided  on  each  train  register  for  registering  the  signal  carried, 
which  will  give  notice  to  all  trains;  for  that  reason,  train  regis- 
ters should  be  carefully  inspected,  even  if  the  train  has  been 
met  at  some  other  point.  Although  the  rule  does  not  say  so 
explicitly,  yet  a  written  notice  to  the  operator  or  switch  tender 
is  safer  than  a  verbal  notice  of  the  signal  carried,  as  there  can 
then  be  no  mistake  in  the  train  number.  When  the  following 
section  arrives  and  reports,  the  operator,  switch  tender,  or  flag- 
man's duty  is  finished. 

As  the  carrying  of  signals  for  a  following  section  has  the 
effect  of  giving  the  following  section  the  rights  of  both  class  and 
direction  belonging  to  the  leading  section,  it  is  very  essential  to 
the  safety  of  all  trains  of  the  same  or  inferior  class  that  all  these 
rules  be  strictly  lived  up  to.  The  signals  do  not  afifect  trains 
superior  by  class  and  direction,  so  no  provision  is  made  for 
notifying  them.  Trains  of  the  same  or  superior  class  getting  in 
between  the  sections  do  not  affect  the  rights  of  any  of  the 
sections,  and  opposing  trains  need  to  see  that  they  meet  all  the 
sections  and  also  all  regular  trains  that  affect  their  rights,  in 
order  to  work  among  sections  carrying  signals. 

If  a  following  section  leaves  a  main  track  at  a  junction  where 
there  is  no  train  register,  operator,  or  switch  tender,  it  is  neces- 
sary, in  order  to  avoid  delay  to  opposing  trains  whose  rights  are 
affected,  that  a  flagman  be  left  at  the  junction  to  notify  all  con* 
cemed  that  the  following  section  has  arrived;  otherwise,  the 
opposing  train  would  have  no  way  of  knowing  this.  This  is  a 
caae  not  liable  to  happen  very  often. 

41 .  RnnnlnflT  of  **  Work-Extras.'* — Work-extras  will 
be  assigned  working  limits,  and  they  cannot  go  outside  those 
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limits  without  further  orders.  A  work-extra  is  different  from 
any  ordinary  extra  train  in  that  it  can  move  both  ways  within 
certain  defined  limits,  and  no  other  extra  is  allowed  inside  of 
those  limits  without  first  advising  the  work-extra. 

A  work-extra  is  required  to  let  other  extras  pass  it  without 
train  orders  to  that  effect,  which  is  not  the  case  with  ordinary 
extras.  Work-extras  also  use  train  orders  directing  them  to 
run  from  one  point  to  another,  which  do  not  allow  them  to 
move  in  both  directions.  A  running  order  is  not  the  same  aa  a 
working  order. 

42.  Approacliingr  Junctions,  Grosslngps,  !Etc. — ^Trains 
must  approach  the  end  of  double  track,  junctions,  railroad 
crossings  at  grade,  and  drawbridges  prepared  to  stop  if  the 
switches  and  signals  are  not  right  and  the  track  not  clear. 
Where  required  by  law,  trains  must  stop.  This  provision  is 
necessary,  as  at  many  of  these  points  Rule  83  requires  that 
it  must  be  ascertained  that  there  are  no  overdue  trains  whose 
non-arrival  will  affect  your  rights. 

The  laws  of  nearly  all  the  States  require  a  full  stop  at  railroad 
crossings  and  drawbridges,  unless  an  interlocking  machine  is  in 
operation  and  the  signals  and  switches  are  clear. 

43.  Train  Stopping:  or  Being:  Delayed. — When  a  train 
stops,  or  is  delayed,  under  circumstances  in  which  it  may  be 
overtaken  by  another  train,  the  flagman  must  immediately  go 
back  with  stop-signals  a  sufficient  distance  to  insure  full  protec- 
tion. This  requires  that  he  go  back  at  once  under  all  circum- 
stances, as  he  has  no  means  of  knowing  just  how  far  back  a 
following  train  is,  or  how  great  its  speed  and  momentum  may 
be.  It  is  his  duty  to  get  back  far  enough  so  that  his  stop- 
signal  will  be  observed  in  time  by  the  engineer  of  the  following 
train  in  order  that  he  may  have  ample  room  to  stop  without 
running  any  risk  of  striking  the  first  train,  taking  into  consid- 
eration the  grade  and  condition  of  rails.  It  is  his  (the  flag- 
man's) duty  to  take  a  full  supply  of  signals  suitable  for  the 
time  of  day  and  condition  of  the  weather,  and  use  them  accord- 
ing to  the  rules  formulated  by  each  railroad  for  the  use  of  stop- 
signals.     This  is  a  matter  of  life  and  death  to  both  employes 
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and  passengers,  and  no  half-way  measures  are  justifiable. 
When  recalled  by  signals  from  his  own  train,  he  may  return  if 
he  cannot  hear  or  see  a  following  train  approaching,  but  in  case 
a  train  ia  approaching,  he  must  remain  and  get  it  stopped, 
before  returning  to  his  own  train.  Before  he  returns  to  his 
train,  if  no  following  train  is  in  sight,  he  must  place  two  tor- 
pedoes on  the  rail  when  the  conditions  require  it.  The  usual 
method  of  placing  torpedoes  is  to  put  two  on  the  right-hand  rail, 
about  200  feet  apart,  so  they  will  make  a  double  explosion,  and 
notify  the  engineer  that  a  flagman  had  been  stationed  there  and 
recalled.  The  practice  of  railroads  varies  in  this  matter,  each 
company  making  rules  to  suit  its  own  conditions.  The  front  of 
a  train  must  be  protected  in  the  same  manner  by  an  employe 
designated  for  that  purpose. 

When  a  flagman  goes  back  to  protect  the  rear  of  his  train,  an 
employe  designated  for  that  purpose  must  at  once  take  the  flag- 
man's place.  On  passenger  trains,  an  employe  is  specially 
designated  for  this  duty;  on  freight  trains  it  is  the  duty  of  the 
next  brakeman.  This  is  in  order  to  have  another  man  ready  to 
do  the  flagging  in  case  the  train  proceeds  before  the  regular 
flagman  gets  back  to  his  post  on  the  train. 

44,  Train  Parting:  While  Banning:. — If  a  train  should 
part  while  in  motion,  trainmen  must,  if  possible,  prevent 
damage  to  the  detached  portions.  This,  of  course,  requires  that 
the  rear  portion  should  be  stopped  before  it  can  run  into  the 
front  portion;  therefore,  it  is  necessary  that  the  break-in-two 
shall  be  discovered  as  soon  as  possible  after  the  train  separates. 

The  signals  prescribed  by  Rule  12  must  be  given  by  both 
trainmen  and  enginemen,  the  one  that  notices  the  break-in-two 
giving  the  signal  at  once,  and  the  other  answering  the  signal  to 
signify  that  he  understands.  The  front  portion  of  the  train 
must  be  kept  in  motion  until  the  detached  portion  is  stopped. 

To  detect  a  break-in-two  when  a  train  is  being  pulled,  is 
easiest  done  by  seeing  the  gap  between  the  two  parts,  but  expe- 
rience in  this  matter  teaches  trainmen  and  enginemen  to  look 
out  for  jerks  and  surges  in  the  train  at  various  points  on  the 
line.     If  the  train  has  separated  into  two  parts,  it  will  handle 
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differently  from  a  train  that  is  all  together.  After  it  is  certain 
that  the  rear  portion  has  stopped,  the  front  portion  will  then  go 
back  to  recover  the  detached  portion,  running  with  caution  and 
following  a  flagman  who  can  see  the  rear  portion  far  enough  off 
so  that  the  front  portion  can  be  stopped  soon  enough  to  avoid 
damage.  In  many  cases  it  will  be  necessary  to  go  ahead  to  the 
next  siding,  leave  the  front  portion  there  and  then  return  with 
the  engine  for  the  rear  portion,  protecting  yourself,  if  necessary, 
against  any  approaching  trains  that  may  be  due  at  that  siding 
before  you  can  get  back  with  the  rear  portion.  This  rule  gives 
you  an  absolute  right  to  return  for  the  rear  portion  against  any 
and  all  following  trains,  in  order  to  get  the  rear  portion  out  of  the 
way  as  soon  as  possible.  The  detached  portion  must  not  be 
moved  or  passed  around  by  any  following  engine  or  train,  as 
that  would  risk  a  collision  with  the  returning  engine.  After 
recovering  the  rear  portion,  you  must  then  look  out  for  all 
trains  in  either  direction,  and  be  protected  against  them,  if 
necessary,  in  order  to  move. 

45.  Precautions  Wlien  Pushing:  Cars. — ^\Vhen  cars 
are  being  pushed  by  an  engine  (except  when  shifting  or  making 
up  trains  in  yards),  a  flagman  must  take  a  conspicuous  position 
on  the  front  of  the  leading  car  and  signal  the  engineman  in  case 
of  need;  this  is  to  insure  that  the  cars  being  pushed  may  not 
be  moved  up  against  other  cars  or  obstructions  on  the  track, 
and,  further,  to  protect  any  persons  crossing  the  track. 

46.  Orders  to  Be  In  Writing. — Messages  or  orders 
respecting  the  movement  of  trains  or  the  condition  of  track  or 
bridges  must  be  in  writing.  It  is  of  the  utmost  importance 
that  they  should  be  in  writing;  first^  to  make  sure  that  they  are 
understood,  and  second^  that  a  record  of  the  instruction  or  order 
may  be  in  the  possession  of  the  man  in  charge  of  the  execution 
of  the  train  movement,  so  that  he  can  refer  to  it  and  not  depend 
solely  on  his  memory.  So  important  has  this  question  always 
been  considered,  that  it  is  rulable,  when  getting  orders  even 
from  the  highest  authority,  to  insist  that  they  be  written,  and 
not  verbal  orders  alone.  This,  of  course,  refers  to  train  orders 
or  instructions  regarding  the  movement  of  trains. 
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47.  Communications  From  Flag-men,  Etc. — In  case 

of  flagn^en  or  watchmen,  any  communication  they  may  make 
is  in  the  nature  of  information,  and  the  exact  location  of  any 
bad  spot  in  the  track  or  obstruction  should  be  ascertained 
beyond  a  doubt  before  moving  farther. 

48.  Care  of  Switches. — Switches  must  be  left  in  proper 
position  after  being  used.  Conductors  are  responsible  for  the 
position  of  the  switches  used  by  them  and  by  their  trainmen, 
except  where  switch  tenders  are  stationed.  Interlocking 
switches  that  are  handled  by  a  tower  man  are  not  in  any  way 
in  the  control  of  any  of  the  trainmen,  and  they  are  not  respon- 
sible for  them;  this  rule  refers  to  switches  having  separate  con« 
noctions  thrown  by  hand.  A  switch  must  not  be  left  open  for 
a  following  train  unless  in  charge  of  a  trainman  from  prece- 
ding train;  that  is,  a  trainman  of  the  preceding  train  must 
remain  at  the  switch  until  relieved  by  a  trainman  of  the  follow- 
ing train,  otherwise,  the  switch  for  the  main  track  must  be 
closed  and  locked. 

Enginemen  are  expected  to  give  attention  to  the  proper 
closing  of  switches  that  they  have  just  backed  through  with 
their  trains,  in  order  that  they  may  be  at  once  set  for  the 
main  track,  to  avoid  any  danger  to  another  train. 

49.  Responsibility  for  Safety  of  Train. — Both  con- 
ductors and  enginemen  are  responsible  for  the  safety  of  their 
trains,  and,  under  conditions  not  provided  for  by  the  rules, 
must  take  every  precaution  to  insure  such  safety.  In  case  of 
any  failure  on  the  part  of  one  of  them  to  observe  the  rules  in 
regard  to  the  rights  of  trains,  to  the  possession  of  proper  train 
orders,  or  to  any  of  the  precautions  necessary  for  the  safety  of 
their  train  or  others,  it  puts  another  man  in  a  position  to  look 
out  for  those  duties,  in  which  case  he  also  is  held  responsible 
for  the  proper  observation  of  all  the  rules.  The  failure  to 
conform  to  them  may  endanger  the  lives  of  all.  Whenever  any 
case  of  doubt  or  uncertainty  arises,  it  is  strictly  prescribed  that 
the  safe  side  must  be  taken  and  no  risks  run.  In  many  cases 
this  will  result  in  delay  to  the  train,  and  a  trainman  or  engine- 
man  that  has  a  clear  understanding  of  the  rules  and  their 
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operation  will  not  be  in  doubt  very  often,  while  the  man  that 
has  not  thoroughly  informed  himself  will  be  running  serious 
risks  both  to  himself  and  others.  These  rules  are  as  clear  as 
can  be  made,  unless  special  interpretations  change  their  meaning 
on  different  parts  of  the  same  road. 


TBAIN  OBDEBS. 

50,  General  Considerations. — In  the  movement  of 
trains  by  train  order,  much  depends  on  those  who  are  to  exe- 
cute them.  The  rules  and  forms  of  train  orders  are  in  a 
measure  merely  guides  to  action,  depending  on  the  judgment, 
care,  and  watchfulness  of  those  concerned  in  their  execution. 
Safety  is  the  first  consideration,  and  to  this  all  else  should 
be  subordinate.  To  insure  safety,  it  is  necessary  that  every 
person  interested  in  the  movement  by  train  orders  should  have 
a  clear  understanding  of  their  meaning,  and  that  the  various 
forms  of  orders  prescribed  by  the  rules  be  thoroughly  under- 
stood. Promptness  and  dispatch,  though  secondary,  are  of 
great  importance  in  the  successful  movement  of  trains;  hence, 
the  iniportance  of  trainmen  and  enginemen  being  prompt  in 
response  to,  and  in  compliance  with,  train  orders.  The  train 
dispatcher  in  the  issuing  of  orders  is  often  obliged  to  govern  his 
action  on  information  received  from  the  conductor;  therefore, 
the  latter  should  make  special  effort  to  impart  all  the  informa- 
tion that  he  can  in  regard  to  the  work  that  he  has  to  do  at 
various  stations,  etc.  Trainmen  can  often  save  time  to  their 
own  train,  as  well  as  others,  by  giving  such  information  to  the 
dispatcher.  Information  of  this  kind  will  enable  the  dis- 
patcher to  anticipate  movements  and  have  the  necessary  orders 
ready  for  trains  when  they  are  ready  to  act  on  them. 

51,  Carrying  Ont  Orders. — Train  orders  should  be 
plain  and  explicit  and  as  short  as  it  is  possible  to  make  them 
and  yet  embody  the  necessary  information.  The  conductors 
and  enginemen  receiving  them  should  insist  upon  their  being 
plainly  written  in  accordance  with  the  rules,  which  admit  of  no 
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alieratioD,  interlineation,  or  erasures,  and  should  fully  under- 
stand them  before  proceeding  to  act  on  them.  The  conductor 
should  read  the  order  aloud  to  the  operator,  and  the  engine- 
man  to  the  conductor.  This  is  preferable  to  the  operator 
reading  it  to  the  conductor  and  the  conductor  reading  in  turn  to 
the  engineman,  since  any  mistake  that  the  operator  might  make 
in  reading  would  likely  be  made  by  the  conductor  in  read- 
ing to  the  engineman,  through  his  repeating  it  from  memory 
rather  than  reading  it  from  the  copy  in  his  possession.  Errors 
in  the  carrying  out  of  train  orders  have  occurred  through  their 
being  treated  in  this  manner,  and  it  is  therefore  deemed 
better  practice  to  requiie  the  person  receiving  a  train  order 
to  read  it  aloud  to  the  person  from  whom  it  is  received.  As  a 
measure  of  safety,  conductors  should  show  train  orders  to  their 
brakemen,  and  enginemen  to  their  firemen,  and  each  should 
see  that  the  orders  are  understood.  This  is  advisable  for  two 
reasons:  the  brakemen  and  firemen  should  know  what  trains 
are  to  be  met  and  passed,  and  should  also  be  on  the  lookout 
to  see  that  the  provisions  of  the  orders  upon  which  their  train 
may  be  running  are  complied  with.  The  showing  of  train 
orders  to  brakemen  and  firemen  is  required  by  the  rules  of 
some  roads,  and  these  employes  are  held  to  a  certain  d^ree 
of  responsibility  in  seeing  that  they  are  complied  with* 


RUIiES  FOB  MOVEMENT  BY  TBAIK  OBDEBS. 

52.  Use  of  Train  Orders. — Movements  not  provided  for 
by  time-table  will  be  regulated  by  train  orders  issued  by 
authority  and  over  the  signature  of  the  proper  officer,  who  is 
usually  the  superintendent.  Such  orders  must  not  contain  any 
information  or  instructions  that  are  not  essential  to  such 
movements.  They  must  be  on  the  prescribed  forms  when 
applicable,  and  must  be  brief  and  clear  and  without  erasure, 
alteration,  or  interlineation. 

5 3 •  Nature  of  Train  Orders. — ^Traln  orders  are  usually 
issued  according  to  a  form  provided  especially  for  that  purpose. 
Several  copies  of  these  orders  are  made  at  one  writing  by  the 
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use  of  a  carbon  sheet  between  the  separate  leaves;  in  this  man- 
ner, each  order  is  an  exact  duplicate  of  the  other.  If  they  are 
not  brief  and  clear,  there  is  danger  of  misunderstanding  from  a 
multiplicity  of  words.  If  they  are  not  restricted  to  the  pre- 
scribed forms,  they  are  likely  to  be  misunderstood  by  those 
who  are  liable  to  execute  them  in  a  manner  not  intended  by 
the  man  that  first  composed  the  order;  this  provision  is  violated 
more  often  than  really  necessary.  In  regard  to  erasures,  altera- 
tions, or  interlineations,  they  introduce  an  element  of  danger, 
and  it  is  not  considered  safe  to  accept  an  order  with  these 
defects. 

54.  Preparation  ofTrain  Orders. — ^Each  train  order 
must  be  given  in  the  same  words  to  all  persons  or  trains 
addressed,  the  arrangement  of  the  duplicate  sheets  of  tissue 
paper  providing  for  this  when  the  operator  is  copying  the 
order  as  sent  by  the  dispatcher.  Rule  209  further  provides  for 
this  work;  the  purpose  of  this  rule  is  to  make  sure  that  all 
persons  that  are  to  carry  out  the  orders  will  get  exactly  similar 
orders,  so  as  to  understand  just  what  has  to  be  done.  This 
feature  of  the  Standard  Code  is  one  of  its  strongest  safety 
precautions,  since  when  all  orders  are  in  the  same  exact  words, 
the  wrong  meeting  places  cannot  be  put  in  and  make  what  is 
sometimes  called  a  lap  order;  it  also  notifies  each  train  just 
what  the  others  are  expected  to  do.  Train  orders  are  num- 
bered consecutively  each  day,  usually  beginning  with  No.  1, 
and  the  time  of  changing  the  numbers  is  at  midnight.  Each 
order  is  intended  to  have  a  number  of  its  own,  in  order  to  iden- 
tify it,  as  well  as  to  show  which  order  last  took  effect.  This 
number  (of  the  order)  does  not  depend  on  the  number  of  the 
train  but  on  the  number  of  the  last  order  previous;  for  instance, 
at  midnight  the  numbers  run  out  and  the  new  series  begin 
with  the  first  order  issued  after  that  time — usually  No.  1. 

55.  Issnliig:  of  Train  Orders. — ^Train  orders  must  be 
addressed  to  those  who  are  to  execute  them,  naming  the  place 
at  which  each  is  to  receive  his  copy.  Those  for  a  train  must 
be  addressed  to  the  conductor  and  engineman,  and  also  to  any 
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one  that  acta  as  its  pilot;  as  the  pilot  is  responsible  for  the 
movement  of  the  train,  tlie  copy  is  usually  issued  to  him  first, 
and,  on  his  approval,  the  conductor  signs  for  it.  In  some  cases, 
the  pilot  alone  signs  for  train  orders.  A  copy  for  each  person 
addressed  must  be  supplied  by  the  operator,  so  that  the  number 
of  persons  addressed  governs  in  a  manner  the  number  of  copies 
to  be  issued.  Rule  202  provides  that  the  body  of  the  train 
order,  which  states  the  movements,  should  be  the  same  for  all 
trains  receiving  it.  Rule  204  relates  to  the  address  at  the  top 
of  the  order,  which  is  diflferent  for  each  train;  the  place  named 
in  the  address  is  where  they  are  to  sign  for  it  A  custom  that 
is  not  directly  prescribed  by  the  Standard  Code  is  to  issue 
copies  of  train  orders  to  all  the  engineers  when  more  than  one 
engine  is  coupled  to  a  train;  this  matter  is  provided  for  in 
the  address. 

56.  nillnflf  Up  of  Orders. — Persons  receiving  train  orders 
should  see  that  they  are  properly  filled  out  in  every  detail 
before  accepting  them.     An  order  is  not  valid  unless  it  bears 

(1)  a  number,  (2)  the  proper  address  of  the  person  or  train 
that  is  to  act  on  it,  (3)  the  name  of  station  at  which  it  is 
received,  (4)  the  time  the  **  X ''  response  is  given  (if  this  form 
is  used),  (5)  the  time  repeated  or  **0K"  given,  (6)  the  time 
made  complete,  (7)  the  signature  of  the  operator,  in  space 
pn»vided  on  the  order,  and  (8)  the  signature  of  the  proper 
oflicial.  The  omission  of  any  one  of  these  requirements  invali- 
dates the  order,  and  if  such  order  were  accepted,  the  conductor 
would  have  to  return  to  the  telegraph  office  to  have  the  omis- 
sion supplied,  thereby  losing  valuable  time. 

57.  Keeiilng  Record  of  Orders  Issued. — Each  train 
order  must  be  written  in  full  in  a  book  provided  for  the  pur- 
pose at  the  office  of  the  person  issuing  the  order,  and  with  it 
recorded  (1)  the  names  of  those  that  have  signed  for  the  order; 

(2)  the  time  and  the  signals,  which  show  when  and  from  what 
offices  the  order  was  repeated;  (3)  the  responses  transmitted; 
and  (4)  the  train  dispatcher's  initials.  These  records  must  be 
made  at  the  time  and  never  subsequently  from  memory  or 
memoranda.     This  injunction  refers  to  the  method  of  keeping 
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the  records  in  the  office  of  the  officer  that  is  responsible  for 
issuing  the  orders. 

Rule  216  makes  provision  for  the  train  orders  that  are  issued 
by  the  dispatcher  personally  to  those  that  are  to  execute  them. 

58.  Wording  of  Orders. — Regular  trains  will  be  desig- 
nated in  train  orders  by  their  numbers,  as  **No.  10,"  or 
**  2d  No.  10,"  adding  engine  numbers,  if  desired.  Extra  trains 
will  be  designated  by  engine  numbers,  as  ''Extra  798,"  with 
the  direction  when  necessary,  as  **East"  or  "West";  other 
numbers  and  the  time  will  be  stated  in  figures  only.  It  is  still 
customary  on  many  roads  when  a  number  is  given  in  words, 
to  follow  the  word  with  the  same  number  in  figures,  as  a  pre- 
caution to  avoid  mistakes  in  reading  the  numbers. 

59.  Transmitting  the  Orders. — To  transmit  a  train 
order,  the  signal  **31,"  or  **  19"  as  the  case  may  be,  must  be 
given  to  each  office  addressed,  the  number  of  copies  being 
stated  if  more  or  less  than  three;  thus,  ''31  copy  5,"  or 
"19  copy  2."  Where  forms  "31"  and  "  19"  are  not  both 
in  use,  the  signal  may  be  omitted.  This  is  a  notice  to  the 
operator  of  the  form  of  order  to  be  used  and  the  number  of 
copies  he  should  make  at  the  same  time.  As  three  is  the  usual 
number  to  be  made  at  one  time  (one  for  the  conductor,  one  for 
the  engineman,  and  one  to  be  kept  by  the  operator),  when  this 
number  is  required,  it  is  not  necessary  to  state  it  in  the  notice 
from  the  dispatcher  to  the  operator,  thus  saving  the  telegraph- 
ing of  a  word. 

A  train  order  that  is  to  be  sent  to  two  or  more  offices  must  be 
transmitted  simultaneously  to  as  many  of  them  as  practicable; 
this  not  only  saves  time  and  the  use  of  the  wire  but  it  is  also  an 
element  of  safety,  as  all  the  operators  get  the  same  order.  The 
several  addresses  must  be  in  the  order  of  superiority  of  trains, 
each  office  taking  its  proper  address  and  writing  it  in  the  proper 
place  at  the  top  of  the  order  blank.  When  not  sent  simul- 
taneously to  all,  the  order  must  be  sent  first  to  the  superior 
train;  sometimes  it  is  impossible  to  get  all  the  offices  at  once,  in 
which  case  the  superior  train  must  have  its  orders  sent  first 
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This  is  in  accordance  with  one  of  the  cardinal  principles  of 
moving  trains  by  telegraph,  namely,  that  the  superior  train 
must  be  first  advised  of  any  change  in  its  rights,  and  after 
its  response  is  on  record  in  the  dispatcher's  book,  inferior  trains 
can  then  be  given  ordei*s. 

Operators  receiving  train  orders  must  write  them  **in  mani- 
fold *'  during  transmission.  If  they  cannot  at  one  writing  make 
the  requisite  number  of  copies,  they  must  trace  others  from  one 
of  the  copies  first  made,  so  as  to  insure  that  the  second  lot 
of  orders  are  exact  duplicates  of  the  first  one. 

When  a  '*31"  train  order  has  been  transmitted,  operators 
must  (unless  otherwise  directed)  repeat  it  at  once  from  the 
manifold  copy  in  the  succession  in  which  the  several  offices 
have  been  addressed,  and  then  write  the  time  of  repetition  on 
the  order.  Each  operator  receiving  the  order  should  observe 
whether  the  others  repeat  correctly.  When  the  order  is 
repeated  and  the  exact  time  indorsed  on  the  order,  it  should  be 
presented  to  those  (except  enginemen)  to  whom  the  order 
is  addressed,  who  will  then  read  it  aloud  to  the  operator  to 
make  sure  that  it  is  understood.  It  is  to  be  signed  as  a  notice 
and  record  that  it  is  understood,  and  when  these  signatures, 
preceded  by  the  number  of  the  order,  are  sent  to  the  proper 
officer,  the  response  ** complete"  will  be  given  by  the  train 
dispatcher,  which  is  his  notice  that  the  order  is  recorded  and 
ready  for  execution.  The  operator  then  writes  the  word 
** complete"  on  the  order,  and  indorses  it  with  his  own  name 
and  the  exact  time.  It  is  now  ready  to  be  delivered  to  the 
persons  that  are  to  execute  it,  each  person  addressed  being 
entitled  to  a  correct  and  legible  copy.  The  copy  for  the 
engineman  must  be  delivered  to  him  personally  by  the  man 
in  charge  of  the  train,  and  it  is  a  safe  provision  to  require 
the  engineman  to  read  it  out  loud  to  the  person  that  gives  it  to 
him.  The  rules  of  different  roads  vary  as  to  the  duties  of 
the  engineman;  some  require  him  to  sign  the  orders  personally, 
while  others  have  the  conductor  or  pilot  sign  them.  The  blank 
form  of  train  orders  in  use  on  each  road  specifies  who  shall  sign 
these  orders  and  at  what  places  on  the  form,  by  providing  a 
place  and  indicating  whose  name  must  appear  there. 
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60.  Preparing  Form  19. — The  manner  in  which  a 
*  *  Form  19  "  order  is  to  be  prepared  for  delivery  may  be  minutely 
detailed  as  follows:  When  a  Form  19  train  order  has  been  trans- 
mitted, operators  must  (unless  otherwise  directed)  repeat  it  at 
once  from  the  manifold  copy,  in  the  succession  in  which  the 
several  offices  have  been  addressed.  Each  operator  receiving 
the  order  should  observe  whether  the  others  repeat  correctly. 
When  the  order  has  been  repeated  correctly  by  an  operator,  the 
response  *' complete,"  the  time,  and  the  initials  of  the  official 
will  be  given  by  the  train  dispatcher.  The  operator  receiving 
this  response  will  then  write  on  each  copy  the  word  ''complete," 
the  time,  and  his  last  name  in  full,  and  personally  deliver  a 
copy  to  each  person  addressed  without  taking  his  receipt  for  it. 
You  will  notice  that  Form  19  does  not  require  the  signature  of 
the  conductor  but  only  that  of  the  operator,  who  can  deliver  it 
to  the  conductor  and  engineman  without  any  further  signature, 
or  without  their  reading  it  back  to  him.  From  this  you  will 
note  that  Form  19  order  is  not  as  important  as  Form  31  order, 
as  it  is  used  for  movements  that  the  train  dispatcher  from  his 
record  knows  can  be  safely  made  without  the  use  of  Form  31. 
There  is  such  a  variance  in  opinion  as  to  the  safe  use  that  can 
be  made  of  the  Form  19  that  we  would  advise  the  student  that 
is  in  active  railway  service  to  carefully  study  the  methods  of 
the  company  employing  him. 

It  is  sometimes  considered  desirable  for  the  receipt  of  an 
order  to  be  acknowledged  by  the  operator  to  the  dispatcher 
without  repeating  back.  Rule  212  provides  for  this,  as  it  says 
that  a  train  order  may,  when  so  directed  by  the  train  dispatcher, 
be  acknowledged  without  repeating,  by  the  operator  responding 

as  follows:     *'X;     (Namberof  Train  order) ^ 

•  (Train  Number) »  ^jth  the  Operator's  initials  and  office 

signal.     The  operator  must  then  write  on  the  order  his  initials 
and  the  time. 

In  no  case  must  the  word  complete  be  given  to  a  train  order 
for  delivery  to  an  inferior  train  until  it  is  certain  that  the  order 
for  the  superior  train  has  been  repeated  back  to  the  dispatcher, 
or  that  the  **X"  response  mentioned  in  Rule  212  has  been 
sent  by  the  operator  that  is  charged  with  the  duty  of  delivering 
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orders  to  the  superior  train;  in  other  words,  the  superior  train 
must  be  held  first,  before  the  inferior  train  can  proceed. 

61.  Nou-Completion  of  Order. — It  sometimes  happens 
that,  after  the  train  order  has  been  repeated  or  the  '^X"  response 
has  been  given,  the  word  ** complete''  cannot  be  sent  to  the 
operator,  in  which  case  the  order  is  not  made  complete.  In 
such  a  case,  after  the  order  is  repeated  or  *'X"  given,  the  order 
is  a  holding  order  for  that  train.  If  the  wire  is  down,  this  will 
result  in  tying  up  that  train,  but  it  is  the  only  safe  plan,  as  on 
the  **  X  "  response  or  the  repeating  of  the  order,  a  train  is  held 
and  cannot  proceed  until  the  order  is  completed.  But  in  case 
the  wire  fails  after  the  order  is  sent,  and  before  the  "X^* 
response  is  given,  or  before  it  has  been  repeated  back  to  the 
dispatcher,  then  this  order  has  not  arrived  at  the  stage  when  it 
has  any  effect  either  as  a  holding  order  or  as  a  running  order; 
therefore,  it  has  no  effect  at  all.  Just  how  the  operator  will 
notify  the  train  thus  held  that  the  order  is  in  this  condition  is 
a  matter  each  company  settles  for  itself;  but  a  clearance  card 
made  out  in  the  proper  form,  stating  the  case,  should  be 
sufficient  warrant  for  the  train  to  proceed.  As  the  student  will 
perceive  later,  the  train-order  signal  has  by  this  time  been  dis- 
played to  stop  the  train,  and  is  probably  out  at  the  time  it  is 
definitely  settled  that  the  wire  has  failed;  what  the  train  needs 
in  this  case  is  some  authority  to  proceed  after  being  stopped  by 
the  fixed  signal. 

62.  Duplicates  of  Order. — It  is  provided  when  issuing 
train  orders  that  the  operator  shall  retain  and  preserve  the 
lowest  copy.  The  copies  on  top  are  usually  the  plainest  and 
the  train  crew  is  entitled  to  them.  As  a  portion  of  the  carbon 
sheet  is  transferred  by  the  pressure  of  the  stylus  to  the  tissue 
paper  if  the  carbons  are  not  good,  the  duplicate  copies  will 
not  be  perfect. 

When  the  train  dispatcher  delivers  train  orders  personally, 
the  orders  are  made  out  precisely  as  when  delivered  at  any 
other  office.  It  is  further  provided  that  such  orders  must  be 
first  written  in  manifold,  so  as  to  leave  an  impression  in  the 
the  record  book  from  which  transmission  shall  be  made. 
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63.  Delivery  of  Order  at  a  !Non-Telegrapli  Station. 

A  train  order  that  is  to  be  delivered  to  a  train  at  a  point  that  is 
either  not  a  telegraph  station  or  at  which  the  telegraph  office  is 

closed,  must  be  addressed  to  '*  C  and  E (at ), 

care  of ,"  and  forwarded  and  delivered  by  the  con- 
ductor or  other  person  in  whose  care  it  is  addressed.  When 
Form  31  is  used,  ** complete''  will  be  given  upon  the  signature 
of  the  person  by  whom  the  order  is  to  be  delivered,  and  this 
person  must  be  supplied  with  copies  for  the  conductor  and 
engineman  addressed,  and  also  the  copy  upon  which  he  shall 
take  their  signatures.  This  copy  he  must  deliver  to  the  first 
operator  accessible,  who  must  preserve  it  and  at  once  transmit 
the  signatures  of  the  conductor  and  engineman  to  the  train  dis- 
patcher. This  prescribes  that  three  copies  must  be  taken  by 
the  person  that  is  charged  with  the  duty  of  delivering  the  order 
to  the  train  mentioned,  one  copy  for  the  conductor  and  one  for 
the  engineman;  each  of  these  men  must  compare  the  orders  and 
sign  for  them  on  the  third  copy,  which  is  the  record  for  the 
messenger  that  has  delivered  the  orders.  He  should  require 
each  person  to  whom  the  order  is  delivered  to  read  it  aloud 
to  him,  at  the  same  time  comparing  it  with  the  copy  in  his 
possession  upon  which  their  signatures  are  obtained.  He 
should  also  see  that  the  order  is  understood  alike  by  those 
concerned  in  its  execution.  This  messenger  then  notifies  the 
train  dispatcher  at  the  next  open  telegraph  office  that  the  train- 
men understand  and  will  act  on  the  order;  their  signatures  are 
evidence  of  this.  Orders  so  delivered  must  be  acted  on  as  if 
"complete"  had  been  given  in  the  usual  manner. 

For  orders  that  are  sent  to  a  train  in  the  manner  herein 
provided,  the  superiority  of  which  -train  is  thereby  restricted, 
** complete"  must  not  be  given  to  an  inferior  train  until  the 
signature  of  the  conductor  of  the  superior  train  has  been  sent  to 
the  proper  officer.  This  is  the  same  precaution  that  is  taken 
with  any  form  of  train  orders  in  which  the  rights  of  trains 
are  changed. 

64.  Meaningr  of  Word  "  Train  "  in  an  Order. — When 
a  train  is  named  in  a  train  order,  all  its  sections  are  included, 
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unless  particular  sections  are  specified;  and  each  section 
included  must  have  copies  addressed  and  delivered  to  it.  For 
instance:  If  you  have  an  order  to  meet  a  train  by  its  number, 
and  if,  on  its  arrival,  this  train  is  found  to  be  carrying  signals 
for  a  following  section,  then  your  order  will  require  you  to  meet 
all  sections  of  that  train  at  the  same  place,  because  the  order 
specified  the  train  by  its  number,  which  includes  all  sections. 
If,  however,  the  order  specifies  particular  sections  of  a  train, 
only  those  particular  sections  need  be  looked  out  for,  unless  it 
is  a  superior  train.  In  the  meeting  orders  for  the  sections,  each 
one  specified  therein  must  have  copies  addressed  to  it  and 
delivered  to  it.  The  movement  of  trains  under  the  authority 
of  signals  carried  for  them  by  preceding  trains  may  at  first 
seem  a  little  complicated,  but  if  the  true  principle  on  which 
these  trains  derive  their  authority  is  studied  out,  there  need 
be  no  complication. 

65.  GlTlngr  the  **X"  Response. — Unless  otherwise 
directed,  an  operator  must  not  repeat  or  give  the  **  X  "  response 
to  a  train  order  for  a  train  the  engine  of  which  has  passed  his 
train-order  signal,  until  he  has  ascertained  that  the  conductor  or 
engineman  has  been  notified  that  he  has  orders  for  them;  for 
if  the  engine  has  once  passed  the  train-order  signal  set  at 
'^  proceed,"  it  is  possible  that  the  engineer  may  not  be  able  to 
see  this  signal  again. 

Repeating  the  order  or  giving  the  "X"  response  is  a  notice 
to  the  dispatcher  that  the  train  is  being  held,  or  that  the  signal 
is  set  to  '^stop  "  before  the  arrival  of  the  train  and  the  passage 
of  the  engine  by  the  stop-signal.  It  is  customary  to  get  the 
signature  of  the  conductor  to  the  order  after  he  has  ascertained 
beyond  a  doubt  that  the  engineer  is  advised  that  the  train  is  held. 

66.  Ijlfe  of  Train  Order. — Train  orders  once  in  eflFect 
continue  so  until  fulfilled,  superseded,  or  annulled.  Any  part 
of  an  order  specifying  a  particular  movement  may  be  either 
superseded  or  annulled.  When  a  regular  train  loses  both  right 
and  class  (by  Rules  4  and  82),  the  orders  held  by,  or  issued 
for,  that  train  become  void;  in  other  words,  that  train  iB  annulled 
or  outlawed. 
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According  to  this  rule,  train  orders  issued  to  an  extra  train 
are,  unless  they  have  some  time  limitation,  good  until  fulfilled, 
even  if  they  run  over  until  another  day.  Of  course,  the  officer 
having  authority  to  issue  a  train  order  can  at  any  time  supersede 
or  annul  any  part  of  the  order,  the  rest  of  it  remaining  in  effect; 
in  the  case  of  a  train  order  issued  to  a  regular  train,  there  is  a 
time  limitation  implied  that  becomes  effective  when  the  train 
loses  right  and  class,  as  provided  by  Rule  82.  When  these  train 
orders  become  void  for  this  train,  they  are  also  void  for  all  trains 
affected  by  them,  and  other  trains  can  proceed. 

67*     Falfllliugr,  Superseding:,  or  Annnlllng:  an  Order. 

Train  orders  remain  in  force  until /uZ/Wfed,  mpersededy  or  annulled. 
An  order  Is  fulfilled  when  the  purpose  for  which  it  was 
issued  is  accomplished.  For  instance,  an  order  is  issued  stating 
that  *'  No.  1  will  meet  No.  2  at  A."  The  order  is  fulfilled  when 
both  trains  have  arrived  at  that  place.  An  order  is  super- 
seded when  its  provisions  are  changed  before  it  is  fulfilled. 
For  instance,  Nos.  1  and  2  have  the  following  order:  **No.  1 
will  meet  No.  2  at  A."  This  may  be  suspended  by  the  follow- 
ing: **  No.  1  will  meet  No.  2  at  B  instead  of  A."  A  portion  of 
an  order  may  be  superseded  in  this  manner,  leaving  the  remain- 
ing portion  still  in  effect.  An  order  is  annulled  by  the 
issuing  of  a  subsequent  order  stating  that  order  No.  (giving  its 
number)  is  annulled.  When  an  order  has  been  superseded  or 
annulled,  it  cannot  be  restored  under  its  original  number. 

68.  Bale  221. — Forms  of  the  rule  that  relates  to  train- 
order  signals  are  given  in  the  Standard  Code.  See  Rule  221,  page 
68.  Form  A  of  this  rule  states  that  a  fixed  signal  must  be 
used  at  each  train-order  office,  which  shall  indicate  **stop" 
when  there  is  an  operator  on  duty,  except  when  changed  to 
''proceed*'  in  order  to  allow  a  train  to  pass  after  getting  its 
orders,  or  for  which  there  are  no  orders.  A  train  must  not  pass 
the  signal  while  *'stop"  is  indicated.  The  signal  must  be 
returned  to  ''stop  "  as  soon  as  the  train  has  passed.  It  must 
be  fastened  at  "proceed"  when  no  operator  is  on  duty. 
Operators  must  have  the  proper  appliances  for  hand-signaling 
leadj  for  immediate  use  in  case  the  fixed  signal  should  fail  to 
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work  properly.  If  a  signal  is  not  displayed  at  a  night  office, 
trains  that  have  not  been  notified  must  stop  and  ascertain  the 
cause,  and  report  the  facts  to  the  proper  officer  from  the  next 
open  tel^aph  office. 

69,  When  the  semaphore  is  used,  the  arm  indicates  '*  stop  " 
when  horizontal  and  ** proceed"  when  in  an  inclined  position. 
This  provides  that  the  normal  position  of  the  signal  must  be 
**stop"  at  all  times  when  an  operator  is  on  duty.  If  the  train 
is  to  proceed  without  getting  orders,  the  operator  will  change 
the  position  of  signal  to  *^  proceed,"  and  the  signal  must  also  be 
changed  after  the  orders — if  any — have  been  delivered.  This 
form  insures  that  unless  the  operator  changes  the  signal  to  allow 
the  train  to  pass,  all  trains  will  come  to  a  stop.  The  conditions 
that  affect  trains  at  stations  vary  so  much  that  each  road  adopts 
such  regulations  supplementary  to  this  rule  as  may  best  suit  its 
own  requirements. 

70,  Form  B  of  Rule  221  arranges  for  a  different  method, 
by  which  the  normal  position  of  the  signal  shall  be  at 
** proceed."  The  rules  state  that  at  each  train-order  office  a 
fixed  signal  must  be  used,  which  shall  indicate  *'stop,"  when 
trains  are  to  be  stopped  for  train  orders,  and  indicate  "proceed  " 
when  there  are  no  orders. 

When  an  operator  receives  the  signals  **31"  or  **19,"  he 
must  immediately  display  the  "stop-signal"  and  then  reply 
"stop  displayed";  and  until  the  orders  have  been  delivered  or 
annulled,  the  signal  must  not  be  restored  to  "proceed."  While 
"stop"  is  indicated,  trains  must  not  proceed  without  a  clear- 
ance card,  for  which  a  form  is  provided  by  the  Standard  Ck)de, 
or  by  orders  properly  made  out,  or  both  clearance  and  orders. 
The  rules  of  some  roads  require  trains  to  obtain  a  clearance  on 
the  prescribed  form  in  addition  to  train  orders  when  the  stop- 
signal  is  displayed. 

71,  Keeping  Kecord  of  Train  MoTements. — In  order 
that  the  train  dispatcher  may  be  informed  of  the  exact  where- 
abouts of  all  trains,  a  record  of  their  movement  must  be  kept 
showing  their  departure,  and,  in  the  case  of  extra  trains,  th^^ir 
direction  also.     Rule  222  explicitly  states  that  operators  will 
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promptly  record  and  report  to  the  proper  oflBcers  the  time  of 
departure  of  all  trains  and  the  direction  of  extra  trains.  They 
will  record  the  time  of  arrival  of  trains  and  report  it  when 
80  directed. 

Messages  and  train  orders  crowd  each  other  so  close  on  a 
busy  wire  that  brevity  is  a  very  important  consideration. 
Many  signs  and  abbreviations  are  used  that  are  officially  sanc- 
tioned, so  that  all  concerned  are  acquainted  with  their  exact 
meaning.     Those  provided  in  the  Standard  Code  are: 

C  &  E — for  Conductor  and  Engineman. 

X — Train  will  be  held  until  order  is  made  "complete." 

Com — for  Complete. 

0  S — Train  Report 

No — for  Number. 

Eng — for  Engine. 

Sec— for  Section. 

Psgr — for  Passenger. 

Frtr— for  Freight. 

Mins — ^for  Minutes. 

Jet — for  Junction. 

Dispr — for  Train  Dispatcher. 

Opr — for  Operator. 

31  or  19 — ^to  clear  the  line  for  Train  Orders,  and  for 
Operators  to  ask  for  Train  Orders. 

SD— for  '*Stop  Displayed." 
Usual  abbreviations  for  the  names  of  the  months  and  stations. 
Initials  for  signature  of  the  Superintendent,  by  whom  such 
office  and  other  signals  are  arranged. 

Other  abbreviations  are  used  by  the  different  roads,  as  may 
seem  to  them  desirable. 

General  Note. — ^The  forms  of  train  orders  will  be  found  on  page  70. 


FORMS  OF  ORDERS. 

72  •  Form  A. — ^This  form  simply  designates  a  meeting 
point  for  the  two  trains  named,  and  is  fulfilled  when  the  trains 
have  arrived  at  the  point  designated.  It  gives  a  train  of  inferior 
right  (named  in  the  order)  the  right  over  the  other  train  (also 
named)  to  the  point  designated^  and  the  train  of  superior  right 
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must  remain  at  that  point  for  the  other  train  unless  the  order  is 
superseded  or  annulled. 

73.  Form  B. — This  form  provides  for  a  train  to  pass  or  run 
ahead  of  another  train  that,  under  the  rules,  it  has  no  right  to 
pass  or  run  ahead  of.  The  train  to  be  passed  should  proceed  to 
the  designated  point  and  there  arrange  to  allow  the  other  train 
to  pass  with  as  little  delay  as  possible.  When  this  form  is  used, 
the  leading  train  should  keep  close  watch  for  the  following  train 
and  arrange  to  let  it  pass  without  delay  when  overtaken  by  it 

74.  Form  C. — ^This  form  is  practically  a  reversal  of  the 
rights  given  to  one  train  over  another  by  the  rules.  Under  the 
rules,  No.  2  East  may  have  the  right  over  No.  1  West;  but 
under  the  operation  of  this  form,  as  shown  in  example  1,  page  71, 
the  rights  would  be  reversed  and  No.  1  would  have  the  right 
over  No.  2  between  the  points  named  in  the  order,  and  No.  2 
must  clear  the  time  of  No.  1  between  those  points  as  many 
minutes  as  No.  1  must  clear  No.  2  when  the  trains  are  running 
upon  the  rights  given  by  the  schedule.  If  the  trains  are  of  the 
same  class  and  the  rules  provide  for  variation,  No.  1  must 
observe  it  the  same  as  No.  2  would  be  required  to  do  under  the 
rules.  If  the  trains  named  are  not  of  the  same  class,  and  No.  2 
is  of  superior  class  to  No.  1,  No.  2  will,  under  the  operation 
of  this  form  (see  example  1,  page  71),  be  required  to  clear  the 
time  of  No.  1  as  many  minutes  as  No.  1  is  required  by  the 
rules  to  clear  the  time  of  No.  2.  Under  this  form,  No.  2  may, 
upon  arrival  at  the  station  last  named  in  the  order,  proceed,  if 
it  can  do  so  and  clear  the  time  of  No.  1,  as  provided;  but  the 
conductor  must  stop  No.  1  when  they  meet  and  notify  it  of  his 
arrival.  If  No.  2  reaches  the  station  first  named  in  the  order 
before  meeting  No.  1,  it  can  proceed  in  accordance  with  rights 
given  by  the  schedule.  If  No.  1  has  not  met  No.  2  on  arriving 
at  the  station  last  named  in  the  order,  and  no  further  orders  are 
received,  the  train  must  be  governed  by  the  schedule,  which,  if 
on  single  track,  would  require  them  to  take  side  track  and  wait 
for  No.  2. 

Example  2,  page  71,  is  used  to  give  an  extra  train  the  right 
over  another  train  to  a  given  point.     Under  its  operation,  the 
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second  named  train  must  not  pass  the  station  last  named  until 
the  extra  has  arrived,  for  the  extra  train  has  no  schedule  by 
which  the  opposing  train  can  be  governed. 

Example  3,  page  72,  is  designed  to  give  a  certain  train  the 
right  over  all  trains  between  designated  points,  either  indefi- 
nitely or  until  a  specified  time  shown  in  the  order,  and  other 
trains  must  not  go  within  those  limits  until  the  order  is 
annulled  or  its  time  limit  expired. 

75.  Form  D. — This  form  is  used  to  give  r^ular  trains  the 
right  over  another  regular  train  named  in  the  order,  and  the 
train  over  which  the  other  trains  are  given  the  right  must  clear 
the  time  of  all  regular  trains  the  same  as  if  it  were  an  extra 
train.  It  will  thus  be  seen  that  this  form  of  order  takes  away 
the  schedule  rights  of  the  train  over  which  r^ular  trains  are 
given  the  right,  making  it  an  extra  train  so  far  as  the  right  to 
move  is  concerned.  This  train  will  not  carry  white  signals, 
however. 

76.  Form  S. — A  train  order  issued  under  this  form  is 
simply  an  extension  of  the  schedule  of  the  train  whose  right 
is  restricted  by  the  order. 

Under  examples  1  and  2,  page  73,  the  train  named  in  the  order 
must  not  run  between  the  stations  named  in  the  order  a  less 
number  of  minutes  late  than  is  specified  in  the  order,  and  any 
other  train  receiving  the  order  can  run  upon  the  later  schedule 
as  shown  in  the  train  order,  the  same  as  it  was  before  permitted 
to  run  upon  the  time-table  schedule. 

The  subject  of  allowing  for  variation  of  watches  (a  practice 
still  retained  by  companies  using  the  Standard  Code),  while 
working  under  this  form  of  order,  and  where  the  opposing  trains 
are  of  the  same  class,  should  be  clearly  defined  and  understood. 
For  instance,  suppose  that  No.  2  is  due  to  leave  A  at  10:30 
A.  M.,  and  receives  the  following  order:  **No.  2  will  run  1 
hour  late  A  to  D."  No.  1  is  a  train  of  the  same  class  going  in 
the  opposite  direction,  and  is  due  at  A  at  11:25  a.  m.  Should 
No.  2  wait  at  A  the  usual  time  required  for  variation  of 
watches  if  No.  1  has  not  arrived  at  11:30  a.  m.?  At  the 
schedule  meeting  point  of  these  trains  No.  1  has  the  right  of 
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track  up  to  the  leaving  time  of  No.  2,  and  if  No.  1  does  not 
arrive  on  time,  No.  2  must  wait  the  required  time  for  variation 
before  proceeding.  The  same  principle  will  hold  good  in  the 
case  just  referred  to.  No.  2,  due  to  leave  at  10:30  a.  m., 
with  an  order  to  run  1  hour  late  A  to  D,  cannot  leave  A  before 
11:30  A.  M. ;  and  No.  1,  a  train  of  the  same  class  going  in  the 
opposite  direction,  due  at  A  at  11:25  a.  m.,  and  holding  the 
same  order,  has  the  right  of  track  to  that  place  against  No.  2 
until  11:30  a.  m.  It  should  therefore  be  understood  that  a 
train  receiving  an  order  to  run  late  must  wait  the  required  time 
for  variation  of  watches,  as  prescribed  by  the  rules  of  the  road 
upon  which  the  train  is  running,  in  addition  to  the  time  pre- 
scribed in  the  order,  when  the  schedule  time  of  a  train  of  the 
same  class  going  in  the  opposite  direction  is  met 

Under  example  3,  page  73,  the  same  principle  of  variation 
and  clearance  prevails.  If  No.  2  receives  an  order  as  follows, 
**No.  2  will  wait  at  A  until  11:30  a.  m.  for  No.  1,"  it  would 
have  to  wait  the  required  time  for  variation  if  No.  1  failed  to 
arrive  by  the  time  prescribed  in  the  order,  the  trains  being  of 
the  sanie  class.  If,  however,  the  order  given  to  No.  2  requires 
it  to  wait  until  11:30  a.  m.  for  an  inferior  train,  the  latter  must 
clear  the  specified  time  the  same  as  it  is  required  under  the 
rules  to  clear  the  schedule  time  of  No.  2,  and  the  latter  may 
go  at  the  expiration  of  the  time  specified  in  the  order,  whether 
the  other  train  has  arrived  or  not. 

77.  Form  F. — There  is  but  little  that  can  be  said  in 
explanation  of  this  form,  which  deals  with  the  running  of  trains 
in  sections.  The  essential  point  in  the  movement  of  trains  in 
this  manner  is  a  thorough  understanding  of  the  rights  of  trains 
running  in  sections  and  a  proper  observance  of  signals  carried 
by  trains,  which  points  have  been  dealt  with  elsewhere.  This 
form  adds  to  the  number  of  regular  trains  to  be  met.  If  you 
meet  all  the  added  trains  the  same  as  if  they  were  on  the  printed 
time-table,  there  should  be  no  chance  of  going  astray,  as  the 
time-table  provides  for  the  meeting  points  of  the  other  regular 
trains,  whether  they  come  behind  or  between  the  sections  that 
are  running  under  signals  carried  by  preceding  sections. 
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A  green  signal  is  expected  to  give  the  same  time-table  rights 
to  following  sections  as  the  first  section  has,  and  no  more.  The 
rule  in  regard  to  this  right,  which  was  formerly  in  the  Standard 
Code,  said :  *  *  Two  green  flags  by  day  and  night,  and,  in  addition, 
two  green  lights  by  night,  displayed  in  the  places  provided  for 
that  purpose  on  the  front  of  an  engine,  denote  that  the  train  is 
followed  by  another  train,  running  on  the  same  schedule  and 
entitled  to  the  same  time-table  rights  as  the  train  carrying  the 
signals."  This  rule  has  been  changed  to  Rule  20.  Rules  95, 
96,  and  218  also  speak  of  this  matter. 

78.  Form  G. — This  form  provides  for  the  movement  of 
trains  not  shown  upon  the  time-tables,  and  the  explanations 
given  in  the  book  of  rules  are  so  plain  that  nothing  can  be 
added.     See  Rules  81,  86,  87,  88,  and  89. 

79.  Form  H. — This  form  is  used  for  moving  work  trains, 
and  other  trains  affected  by  them,  over  work-train  limits. 
Under  example  1,  the  work-extra  receiving  the  order  has  the 
right  of  track  between  the  stations  named  in  the  order,  keeping 
clear  of  regular  trains  (as  provided  in  the  rules)  until  the 
expiration  of  the  time  specified  in  the  order,  at  which  time  they 
should  be  out  of  the  way  and  clear  of  the  main  track.  Example 
(a),  page  75,  is  similar,  except  that  it  provides  for  the  running 
of  the  work-extra  from  one  specified  point  to  another  and  for 
working  between  the  last-named  point  and  another  point  men- 
tioned in  the  order  until  a  specified  time.  This  form  gives  the 
right  to  run  from  the  first  point  to  the  second  point,  and  to 
work  between  that  point  and  the  third  point,  keeping  clear  of 
regular  trains  as  provided  in  the  rules.  This  order  will  not 
permit  the  work-extra  to  stop  between  the  two  stations  first 
named,  without  protection  required  by  the  rules.  If  example 
(^)i  P^gc  75,  is  added  to  the  above,  the  work-extra  must,  after 
the  time  named,  keep  clear  of,  or  protect  against,  the  extra 
train  named  in  the  order,  as  the  order  may  require.  K  the 
order  requires  the  work-extra  to  keep  clear  of  the  extra  train,  it 
must  be  out  of  the  way  strictly  at,  or  before,  the  time  named  in 
the  order.  If  the  order  requires  the  work-extra  to  protect 
against  the  extra  train^  the  flagman  must  be  out  a  sufficient 
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distance  with  proper  signals,  as  required  by  the  rules,  at  or 
before  the  time  named  in  the  order.  The  extra  train  receiving 
this  order  must  not  go  within  the  limits  named  in  the  order 
until  the  time  has  expired,  unless  the  work-extra  should  be 
met  at  the  station,  which  defines  the  limits  of  its  working  order. 
If  the  order  states  that  the  work-extra  is  protecting  itself  against 
the  extra  train,  the  latter  must  proceed  with  caution,  keeping  a 
close  lookout  for  flagmen.  On  roads  whose  rules  require  allow- 
ance of  time  for  variation  on  time  orders,  the  extra  train  shall 
observe  such  time  as  the  rules  require  before  passing  within  the 
limits  of  the  work-extra.  When  an  extra  train  is  given  an  order 
to  protect  itself  against  a  work-extra,  as  in  example  (c),  page  76, 
it  must  be  carefully  protected  by  flagmen,  aa  required  by  the 
rules,  expecting  to  find  the  work-extra  moving  in  either  direction 
without  protection.  When  a  work-extra  is  given  an  order  to 
protect  itself,  as  in  example  (d),  page  76,  it  must  protect  itself 
in  both  directions  at  all  times  as  required  by  the  rules.  Elxample 
(«),  page  76,  gives  the  work-extra  the  right  to  work  upon  the 
time  of  the  regular  train  named  in  the  order,  by  protecting 
itself  as  required  by  the  rules;  and  the  regular  train  must  pro- 
ceed with  caution  over  the  limits  of  the  work-extra,  expecting 
to  find  it. 

For  the  safe  movement  of  other  trains  over  the  limits  of  a 
work-extra,  the  two  essential  things  are  adequate  protection  on 
the  part  of  those  on  whom  the  duty  of  protection  is  placed,  and 
the  exercise  of  extreme  caution  on  the  part  of  those  in  charge  of 
other  trains.  With  these  requirements  faithfully  observed, 
the  movement  can  be  made  with  absolute  safety,  while  if  they 
are  neglected  it  is  attended  with  great  danger. 

80,  Form  J. — This  form  is  used  for  holding  a  train  or 
trains  at  any  station  for  any  purpose  that  may  be  deemed  neces- 
sary. Holding  orders  are  addressed  to  the  operator,  but  must  be 
respected  and  observed  by  conductors  and  enginemen  as  if 
addressed  to  them.  When  a  train  is  held  by  an  order  in  this 
form,  it  cannot  proceed  until  the  order  to  hold  is  annulled  (this 
annulling  order  will  be  addressed  to  the  operator),  or  an  order 
is  received  (addressed  to  the  operator)  stating  that  the  train 
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m&y  go.  Although  these  orders  are  addressed  to  the  operator 
in  this  form  J,  trainmen  and  enginemen  will  respect  them  the 
same  as  if  addressed  to  them. 

No  matter  how  many  orders  the  train  may  have  received  at 
such  a  station,  these  other  orders  do  not  release  it  from  the  order 
to  hold.  This  fact  should  be  kept  clearly  in  mind,  as  meeting 
orders  are  very  apt  to  be  sent  to  such  trains  while  being  thus 
held,  and  if  acted  on  as  a  release  from  the  order  to  hold,  an 
accident  might  result. 

81.  Form  K. — This  form  is  used  for  annulling  a  regular 
train.  When  a  train  is  annulled  over  any  portion  of  the  line, 
other  trains  will  be  run  the  same  as  if  the  train  annulled  were 
not  shown  on  the  time-table.  If  example  (1),  page  77,  is  used 
for  the  annulling  order,  employes  should  have  a  thorough 
understanding  in  regard  to  it,  as  different  interpretations  are 
placed  upon  it  by  different  roads.  For  example,  if  No.  1  is  due 
to  leave  its  initial  point  on  the  first  division  at  10:00  p.  m.  and  is 
to  pass  to  the  second  division  at  2:00  a.  m.,  it  would  start  upon 
its  trip  on  the  latter  division  on  another  date.  If  the  stations 
(shown  in  the  train  order)  between  which  the  train  is  annulled 
are  on  the  second  division,  the  question  arises:  Would  the  date 
shown  in  the  order  upon  which  the  train  is  annulled  be  the 
date  upon  which  it  starts  from  its  initial  point  on  the  first 
division,  or  is  it  the  date  upon  which  it  leaves  its  initial  point 
in  the  second  division — ^the  division  upon  which  the  annulling 
order  is  given  ?  This  is  a  matter  that  should  be  clearly  defined 
and  understood  by  all  concerned  according  to  the  rules  of  their 
particular  road.  Example  (2),  page  77,  is  preferable,  as  it  is 
clearer  in  meaning,  more  easily  understood,  and  not  susceptible 
to  different  interpretations.  Example  (1),  page  77,  is  plain 
enough  on  a  road  of  only  one  division. 

82.  Form  li. — This  form  is  used  for  annulling  a  train 
order;  and  an  order  annulled  in  this  manner  will  be  considered 
the  same  as  if  it  had  not  been  sent  For  example,  if  No.  1  has 
order  No.  9  stating  that  **No.  1  will  meet  No.  2  at  A"  and  is 
subsequently  given  an  order  stating  that   ''Order  No.  9  is 


50  TRAIN  RULES.  §11 

annulled/'  No.  1  will  proceed  upon  the  rights  given  by  the 
schedule  or  other  orders  in  its  possession.  As  the  order 
annulled  is  designated  by  its  number,  the  essential  point  is  to. 
see  that  the  number  shown  in  the  annulling  order  agrees  with 
the  number  of  the  order  in  possession  of  the  trainmen  by  whom 
the  annulling  order  is  received.  This  is  particularly  important 
when  there  is  more  than  one  order  in  the  possession  of  the 
trainmen. 

83.  Form  M. — This  form  is  used  to  armul  part  of  an 
order,  the  part  annulled  being  specified  in  the  annulling 
order.  The  balance  of  the  order  remains  in  force  until  ful- 
filled, superseded,  or  annulled  by  subsequent  order. 

84.  Form  P. — This  form  is  used  for  superseding  an  order 
or  a  part  of  an  order,  and  the  superseding  order  will  take 
the  place  of  the  former  order  or  that  particular  part  of  it  to 
which  it  refers.  If  the  order  supersedes  a  part  of  an  order 
only,  the  remaining  portion  will  continue  in  force  until  ful- 
filled, superseded,  or  annulled  by  subsequent  order. 

85.  Clearance  Card. — The  clearance  card  is  used  to 
release  trains  for  which  there  are  no  orders  when  the  train- 
order  signal  is  displayed  at  a  telegraph  station.  Upon  some 
roads,  trains  are  required  to  receive  a  clearance  card  in  addition 
to  any  orders  that  may  be  received.  The  clearance  card  should 
(1)  be  correctly  dated,  (2)  designate  the  train  to  which  it  is 
issued,  (3)  show  for  what  train  or  trains  the  train-order  signal 
is  displayed,  (4)  show  that  there  are  no  further  orders  for  the 
train  to  which  it  is  issued,  and  (5)  be  signed  with  the  full 
name  of  the  operator.  There  is  equally  as  much  depending  on 
the  proper  use  of  the  clearance  card  as  upon  train  orders,  and 
their  use  should  therefore  be  well  guarded. 
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THE  STANDARD  CODE 

OF  THS 

AMERICAN  RAILWAY  ASSOCIATION. 


TRAIN  RUIiES.     SINGIiE  TRACK. 

ADOPTED  APRIL  12.  1899. 

{Form  of  order  putting  ndes  into  effect, ) 

The  rules  herein  set  forth  govern  the  railroads  operated  by 

tlie Company.     They  take  effect 

superseding  all  previous  rules  and 

instructions  inconsistent  therewith. 

Special  instructions  may  be  issued  by  proper  authority. 

(Name) ^ 

(TiUe) 


GEITERAI^    NOTICE. 

To  enter  or  remain  in  the  service  is  an  assurance  of  willing- 
ness to  obey  the  rules. 

Obedience  to  the  rules  is  essential  to  the  safety  of  passengers 
and  employes,  and  to  the  protection  of  property. 

The  service  demands  the  faithful,  intelligent  and  courteous 
discharge  of  duty. 

To  obtain  promotion  capacity  must  be  shown  for  greater 
responsibility. 

Employes,  in  accepting  employment,  assume  its  risks. 


GEXERAIi  RUIiES. 

A.  Employes  whose  duties  are  prescribed  by  these  rules 
must  provide  themselves  with  a  copy. 

B.  Employes  must  be  conversant  with  and  obey  the  rules 
and  special  instructions.  If  in  doubt  as  to  their  meaning  they 
must  apply  to  proper  authority  for  an  explanation. 
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C.  Employes  must  pass  the  required  examinations. 

D.  Persons  employed  in  any  service  on  trains  are  subject 
to  the  rules  and  special  instructions. 

E.  Employes  must  render  every  assistance  in  their  power 
in  carrying  out  the  rules  and  special  instructions. 

F.  Any  violation  of  the  rules  or  special  instructions  must 
be  reported. 

G.  The  use  of  intoxicants  by  employes  while  on  duty  is 
prohibited.  Their  habitual  use,  or  the  frequenting  of  places 
where  they  are  sold,  is  sufficient  cause  for  dismissal. 

H.  The  use  of  tobacco  by  employes  when  on  duty  in  or 
about  passenger  stations,  or  on  passenger  cars,  is  prohibited. 

J.  Employes  on  duty  must  wear  the  prescribed  badge  and 
uniform  and  be  neat  in  appearance. 

K.  Persons  authorized  to  transact  business  at  stations  or  on 
trains  must  be  orderly  and  avoid  annoyance  to  passengers. 

L.  In  case  of  danger  to  the  Company's  property  employes 
must  unite  to  protect  it. 


I>EFnaTION8. 

Train. — An  engine,  or  more  than  one  engine  coupled,  with 
or  without  cars,  displaying  Markers. 

Regular  Train. — A  train  represented  on  the  Time-table.     It 
may  consist  of  Sections. 

Section. — One  of  two  or  more  trains  running  on  the  same 
schedule  displaying  signals  or  for  which  signals  are  displayed. 

Extra  Train. — A  train  not  represented  on  the  Time-table. 
It  may  be  designated  as — 

Extra — ^for  any  extra  train,  except  work  extra; 

Work  extra — for  work  train  extra. 

Superior  Train. — A  train    having   precedence  over  other 
trains. 
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A  train  may  be  made  superior  to  another  train  by  right, 

CLASS  or  DIRECTION. 

Right  is  conferred  by  train  order;  class  and  direction  by 
time-table. 

Right  is  superior  to  class  or  direction.  Direction  is 
superior  as  between  trains  of  the  same  class. 

Train  of  Superior  Right. — ^A  train  given  precedence  by 
train  order. 

Train  op  Superior  Class. — ^A  train  given  precedence  by 
time-table. 

Train  of  Superior  Direction. — A  train  given  precedence 
in  the  direction  specified  in  the  Time-table  as  between  trains  of 
the  same  class. 

Time-table. — The  authority  for  the  movement  of  regular 
trains  subject  to  the  rules.  It  contains  the  classified  schedules 
of  trains  with  special  instructions  relating  thereto. 

Schedule. — That  part  of  a  Time-table  which  prescribes  4he 
class,  direction,  number  and  movement  of  a  regular  train. 

Single  Track. — A  track  upon  which  trains  are  operated  in 
both  directions  by  time-table  or  by  train  orders. 

Siding. — ^An  auxiliary  track  for  meeting  or  passing  trains. 

Yard. — A  system  of  tracks  within  defined  limits  provided 
for  the  making  up  of  trains,  storing  of  cars  and  other  pur- 
poses, over  which  movements  not  authorized  by  time-table, 
or  by  train  order,  may  be  made,  subject  to  prescribed  signals 
and  regulations. 

Yard  Engine. — An  engine  assigned  to  yard  service  and 
working  within  yard  limits. 

Pilot. — A  person  assigned  to  a  train  when  the  engineman  or 
conductor,  or  both,  are  not  fully  acquainted  with  the  physical 
characteristics,  or  running  rules  of  the  road,  or  portion  of  the 
road,  over  which  the  train  is  to  be  moved. 
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RULES  FOB  SIXGLE  TRACK, 

STAXDARD   TIME. 

1.  Standard  Time  obtained  from obfierra- 

tory  will  be  telegraphed  to  all  points  from  designated  offices 
at ,-m.,  daily. 

Note  to  Rulk  1. — In  order  to  detect  possible  errors  at  junction  points 
and  to  secure  uniformity,  the  Comniit'ee  recommends  that  the  tinie  be 
disseminated  to  all  points  at  the  same  hour.  The  Committee  considere 
it  of  great  importance  that  the  time  be  obtained  from  some  observatory 
of  recognized  standing. 

2.  Watches  that  have  been  examined  and  certified  to  by  a 
designated  inspector  must  be  used  by  conductors  and  engine- 
men.  The  certificate  in  prescribed  form  must  be  renewed  and 
filed  with every . 

(Form  of  Certificate,^ 

CERTIFICATE  OF  WATCH  INSPECTOR. 

This  is  to  certify  that  on 19 

the  watch  of „ 

employed  as 

on  the R 

was  examined  by  me.  It  is  correct  and  reliable,  and  in  my 
judgment  will,  with  proper  care,  run  within  a  variation  of 
thirty  seconds  per  week. 

Name  of  Maker  ~ 

Brand 

Number  of  Movement ^ 

Open  or  hunting  case 

Metal  of  case 

Stem  or  key  winding 

Signed, 


Ins})ector. 
Address  

3.     Watches  of  conductors  and  engineraen  must  be  com- 
pared, before  starting  on  each  trip,  with  a  clock  designated  sb 


i 
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a  Standard  Clock,     The  time  when  watches  are  compared  must 
be  registered  on  a  prescribed  form. 

NoTB  TO  RuLB  3. — ^The  conditions  under  which  condactors  and 
enginemen  whose  duties  preclude  access  to  a  standard  clock  are 
required  to  obtain  standard  time,  vary  eo  much  on  different  roads 
that  the  Committee  recommends  that  each  adopt  such  regulations  t^) 
cover  the  case  supplementary  to  this  rule,  as  may  best  suit  its  own 
requirements. 


TIMB-TABIiES. 

4  (A).  Each  Time-table,  from  the  moment  it  takes  efifect, 
supersedes  the  preceding  Time-table. 

A  train  of  the  preceding  Time-table  thereupon  loses  both  right 
and  class,  and  can  thereafter  proceed  only  by  train  order. 

No  train  of  the  new  Time-table  shall  run  on  any  division  until 
it  is  due  to  start  from  its  initial  point,  on  that  division,  after 
the  Time-table  takes  effect. 

4  (B).  Each  Time-table,  from  the  moment  it  takes  effect, 
supersedes  the  preceding  Time-table.  A  train  of  the  preceding 
Time-table  shall  retain  its  train  orders  and  take  the  schedule  of 
the  train  of  the  same  number  on  the  new  Time-table. 

A  train  of  the  new  Time-table  which  has  not  the  same  number 
on  the  preceding  Time-table  shall  not  run  on  any  division  until 
it  is  due  to  start  from  its  initial  point,  on  that  division,  after 
the  Time-table  takes  effect. 

NoTB  TO  RuLVS  4  Ul)  and  4  (B). — ^The  Committee  has  recom- 
mended two  forms  of  Kule  4,  leaving  it  discretionary  with  each  road 
to  adopt  either,  as  best  suits  its  own  requirements. 

5.  Not  more  than  two  times  are  given  for  a  train  at 
any  point;  where  one  is  given,  it  is,  unless  otherwise  indi- 
cated, the  leaving  time;  where  two,  they  are  the  arriving  and 
the  leaving  time. 

Schedule  meeting  or  passing  points  are  indicated  by  figures 
in  full-faced  type. 

Both  the  arriving  and  leaving  time  of  a  train  are  in  full-faced 
type  when  both  are  meeting  or  passing  times,  or  when  one  or 
more  trains  are  to  meet  or  pass  it  between  those  times. 

Where  there  are  one  or  more  trains  to  meet  or  pass  a  train 
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between  two  times,  or  more  than  one  train  to  meet  a  train  at 
any  point,  attention  is  called  to  it  by . 

NoTB  TO  RuLB  6. — ^The  Committee  recommends  that  each  company 
adopt  each  method  as  it  may  prefer  in  filling  the  blank. 

6.     The  following  signs  when  placed  before  the  figures  of 
the  schedule  indicate: 
« <  g ' » — regular  stop: 

<<f  >' — flag  stop  to  receive  or  discharge  passengers  or  freight: 
**%^" — stop  for  meals: 
**r'— leave: 
**a" — arrive. 


SIGNAIi  RUIiES. 

7.  Employes  whose  duties  may  require  them  to  give  signals, 
must  provide  themselves  with  the  proper  appliances,  keep 
them  in  good  order  and  ready  for  immediate  use. 

8.  Flags  of  the  prescribed  color  must  be  used  by  day,  and 
lamps  of  the  prescribed  color  by  night. 

9.  Night  signals  are  to  be  displayed  from  sunset  to  sunrise. 
When  weather  or  other  conditions  obscure  day  signals,  night 
signals  must  be  used  in  addition. 


10. 


Color. 


VISIBIiE  SIQNAJjB. 

COLOR    SIGNALS. 


Indication. 


(a)  Red. 

Stop. 

(6)  

Proceed,  and  for  other  uses  prescribed 

by  the  Rules. 

^i-^ 

Proceed  with  caution,  and  for  other 
uses  prescribed  by  the  Rules. 

\^J 

(d)  Green  and  white. 

Flag  stop.     See  Rule  28. 

(e)  Blue. 

See  Rule  26. 
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NoTS  TO  Bulb  lO.^The  Committee  has  omitted  giving  the  colors  of 
signals  (b)  and  (c)  in  Rule  10,  leaving  it  discretionary  with  each  road 
to  use  Bucn  colors  as  it  may  prefer. 

11.  A  fusee  on  or  near  the  track  burning  red  must  not  be 
passed  until  burned  out.  When  burning  green  it  is  a  caution 
signal 


12. 


HAND,   FLAG  AND  LAMP  SIGNALS. 


Manner  of  Using. 


(a)  Swung  across  the 
track. 

(6)  Raised  and  lowered 
vertically. 

(c)  Swung  vertically  in 
a  circle  across  the 
track,  when  the  train 
is  standing. 

(d)  Swung  vertically  in 
a  circle  at  arm's 
length  across  the 
track,  when  the  train 
is  running. 

(e)  Swung  horizontally 
in  a  circle,  when  the 
train  is  standing. 

(/)  Held  at  arm's 
length  above  the 
head,  when  train  is 
standing. 


Indication. 


[stop. 


} 


Proceed. 


Back. 


Train  has  parted. 


Apply  air  brakes. 


Release  air  brakes. 


13.     Any  object  waved  violently  by  any  one  on  or  near  the 
track  is  a  signal  to  stop. 
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14. 


AUDIBIiE   SIGNALS. 


ENGINE  STEAM  WHISTLE  SIGNALB. 


Note. — ^The  signals  prescribed  are  illustrated  hy''^"  tor  short  sounds; 

^* "  for  longer  sounds.    The  sound  of  the  whistle  should  be  distinct, 

with  intensity  and  duration  proportionate  to  the  distance  signal  is  to  be 
conveyed. 


SonNO. 

Indication. 

(o)o 

Stop.     Apply  brakes. 

(6) 

Release  brakes. 

(c) O  0  o 

Flagman  go  back  and  protect  rear  of 

train. 

(d) 

Flagman  return  from  west  or  south. 

(«) 

Flagman  return  from  east  or  north. 

(/) 

When  running,  train  parted;  to  be  re- 

peated until  answered  by  the  signal 

prescribed  by  Rule  12  (d).     Answer 

to  12  (d). 

(g)oo 

Answer  to  any  signal  not  otherwise 

provided  for. 

(h)ooo 

When  train  is  standing,  back.   A  nswer 

• 

to  12  (c)  and  16  (c). 

( j)  o  o  o  o 

Call  for  signals. 

(k) o  o 

To  call  the  attention  of  trains  of  the 

same  or  inferior  class  to  signals  dis- 

played for  a  following  section. 

(Z) oo 

Approaching  public  crossings  at  grade. 

^Tn"^ 

Approaching  stations,  junctions  and 

{^mj 

railroad  crossings  at  grade. 

A  succession  of  short  sounds  of  the  whistle  is  an  alarm  for 
persons  or  cattle  on  the  track,  and  calls  the  attention  of  train- 
men to  danger  ahead. 

15.  The  explosion  of  one  torpedo  is  a  signal  to  stop;  the 
explosion  of  two  not  more  than  200  feet  apart  is  a  signal  to 
reduce  speed;   and  look  out  for  a  stop  signal. 
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16. 


AIR-WHISTLE  OS  BELL-CORD  SIGNALS. 


Sound. 

Indication. 

(a)  Two. 

When  train  is  standing,  start. 

(6)  Two. 

When  train  is  running,  stop  at  once. 

(c)  Three. 

When  train  is  standing,  back  the  train. 

((i)  Three. 

When  train  is  running,  stop  at  next 

station. 

(e)  Four. 

When    train    is    standing,  apply    or 

release  air  brakes. 

(/)  Four. 

When  train  is  running,  reduce  speed. 

(9)  Fiva 

When  train  is  standing,  call  in  flagman. 

(A)  Five. 

When  train  is  running,  increase  speed. 

TRAIN  SIGNALS. 

17.  The  head- light  will  be  displayed  to  the  front  of  every 
train  by  night,  but  must  be  concealed  when  a  train  turns  out 
to  meet  another  and  has  stopped  clear  of  main  track,  or  is 
standing  to  meet  trains  at  the  end  of  double  track  or  at  junction 
points. 

18.  Yard  engines  will  display  the  head-light  to  the  front  and 
rear  by  night  When  not  provided  with  a  head-light  at  the 
rear,  two  white  lights  must  be  displayed.  Yard  engines  will 
not  display  markers. 

19.  The  following  signals  will  be  displayed,  one  on  each 
side  of  the  rear  of  every  train,  as  markers,  to  indicate  the  rear 
of  the  train:  By  day,  a  green  flag.  By  night,  a  green  light  to 
the  front  and  side  and  a  red  light  to  the  rear,  except  when  the 
train  turns  out  to  be  passed  by  another  and  is  clear  of  main 
track,  when  a  green  light  must  be  displayed  to  the  front,  side 
and  to  rear. 

20.  All  sections  of  a  train,  except  the  last,  will  display  two 
green  flags  and,  in  addition,  two  green  lights  by  night,  in  the 
places  provided  for  that  purpose  on  the  front  of  the  engine. 
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21.  Extra  trains  will  display  two  white  flags  and,  in  addition, 
two  white  lights  by  night,  in  the  places  provided  for  that  pur- 
pose on  the  front  of  the  engine. 

22.  When  two  or  more  engines  are  coupled  to  a  train,  the 
leading  engine  only  shall  display  the  signals  as  provided  in 
Rules  20  and  21. 

23.  One  flag  or  light  displayed  where  in  Rules  19,  20  and 
21  two  are  prescribed  will  indicate  the  same  as  two;  but  the 
proper  display  of  all  train  signals  is  required. 

24.  When  cars  are  pushed  by  an  engine  (except  when  shift- 
ing or  making  up  trains  in  yards)  a  white  light  must  be  dis- 
played on  the  front  of  the  leading  car  by  night. 

25.  Each  car  on  a  passenger  train  must  be  coimected  with 
the  engine  by  a  communicating  signal  appliance. 

26.  A  blue  flag  by  day  and  a  blue  light  by  night,  displayed 
at  one  or  both  ends  of  an  engine,  car  or  train,  indicates  that 
workmen  are  under  or  about  it.  When  thus  protected  it  must 
not  be  coupled  to  or  moved.  Workmen  will  display  the  blue 
signals  and  the  same  workmen  are  alone  authorized  to  remove 
them.  Other  cars  must  not  be  placed  on  the  same  track  so  as 
to  intercept  the  view  of  the  blue  signals,  without  first  notifying 
the  workmen. 

USE  OF  SIGNALS. 

27.  A  signal  imperfectly  displayed,  or  the  absence  of  a  signal 
at  a  place  where  a  signal  is  usually  shown,  must  be  regarded  as 
a  stop  signal,  and  the  fact  reported  to  the , 

28.  The  combined  green  and  white  signal  is  to  be  used  to 
stop  a  train  only  at  the  flag  stations  indicated  on  the  schedule 
of  that  train.  When  it  is  necessary  to  stop  a  train  at  a  point 
that  is  not  a  flag  station  for  that  train,  a  red  signal  must 
be  used. 

29.  When  a  signal  (except  a  fixed  signal)  is  given  to  stop 
a  train,  it  must  be  acknowledged  as  provided  in  Rule  14  (^), 

30.  The  engine-bell  must  be  rung  when  an  engine  is  aboat 
tomoy& 
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31.  The  engine-bell  must  be  rung  on  approaching  every 
public  road  crossing  at  grade,  and  until  it  is  passed;  and  the 
whistle  must  be  sounded  at  all  whistling-posts. 

32.  The  unnecessary  use  of  either  the  whistle  or  the  bell  is 
prohibited.  They  will  be  used  only  as  prescribed  by  rule  or 
law,  or  to  prevent  accident. 

33.  Watchmen  stationed  at  public  road  and  street  crossings 
must  use  red  signals  only  when  necessary  to  stop  trains. 


CliASSIFICATION"   OF   TRAINS. 

81.  Trains  of  the  first  class  are  superior  to  those  of  the 
second;  trains  of  the  second  class  are  superior  to  those  of 
the  third;  and  so  on.  Extra  trains  are  inferior  to  r^ular 
trains  of  whatever  class. 

All  trains  in  the  direction  specified  in  the  Time-table  are 
superior  to  trains  of  the  same  class  in  the  opposite  direction. 

82.  Regular  trains  twelve  hours  behind  their  schedule  time 
lose  both  right  and  class,  and  can  thereafter  proceed  only  by 
train  order.  

MOVEMENT    OF    TRAINS. 

83.  A  train  must  not  leave  its  initial  station  on  any  division, 
or  a  junction,  or  pass  from  double  to  single  track,  until  it  is 
ascertained  whether  all  trains  due,  which  are  superior,  or  of  the 
same  class,  have  arrived  or  left. 

84.  A  train  leaving  its  initial  station  on  each  division,  or 
leaving  a  junction,  when  a  train  of  the  same  class  in  the  same 
direction  is  overdue,  will  proceed  on  its  schedule,  and  the  over- 
due train  will  run  as  provided  in  Rule  91. 

85.  A  train  must  not  start  until  the  proper  signal  is  given. 

86.  An  inferior  train  must  keep  out  of  the  way  of  a 
superior  train. 

87.  A  train  failing  to  clear  the  main  track  by  the  time 
required  by  rule,  must  be  protected  as  provided  in  Rule  99. 
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88.  At  meeting  points  between  trains  of  the  same  class  the 
inferior  train  must  clear  the  main  track  before  the  leaving  time 
of  the  superior  train,  and  must  pull  into  siding  when  practica- 
ble. If  necessary  to  back  in,  the  train  must  first  be  protected, 
as  per  Rule  99,  unless  otherwise  provided. 

89.  At  meeting  points  between  trains  of  diflferent  classes  the 
inferior  train  must  take  the  siding  and  clear  the  superior  train 
at  least  five  minutes,  and  must  pull  into  the  siding  when 
practicable.  If  necessary  to  back  in,  the  train  must  first  be 
protected  as  per  Rule  99,  unless  otherwise  provided. 

An  inferior  train  must  keep  at  least  five  minutes  off  the  time 
of  a  superior  train  in  the  same  direction. 

Note  to  Rules  88  and  89. — ^The  Committee  recommends,  that  where 
greater  clearance  is  necessary ,  Rule  No.  88  should  require  a  clearance  of 
FIVE  minutes,  and  Rule  No.  89  of  TEN  minutes. 

90.  Trains  must  stop  at  schedule  meeting  or  passing  points, 
if  the  train  to  be  met  or  passed  is  of  the  same  class,  unless  the 
switches  are  right  and  the  track  clear.  Trains  should  stop  clear 
of  the  switch  used  by  the  train  to  be  met  or  passed  in  going  on 
the  siding. 

When  the  expected  train  of  the  same  cla^s  is  not  found  at 
the  schedule  meeting  or  passing  point,  the  superior  train  must 
approach  all  sidings  prepared  to  stop,  until  the  expected  train  is 
met  or  passed. 

91.  Trains  in  the  same  direction  must  keep  at  least  five 
minutes  apart,  except  in  closing  up  at  stations  or  at  meeting 
and  passing  points. 

Note  to  Rule  91. — ^The  Committee  recommends,  that  where  greater 
clearance  is  necessary,  Rule  No.  91  should  allow  a  clearance  of  TEN 
minutes  or  more. 

92.  A  train  must  not  arrive  at  a  station  in  advance  of  its 
schedule  arriving  time. 

A  train  must  not  leave  a  station  in  advance  of  its  schedule 
leaving  time. 

93.  A  regular  train  which  is  delayed,  and  falls  back  on  the 
time  of  another  train  of  the  same  class,  will  proceed  on  its 
own  schedule. 
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94.  A  train  which  overtakes  a  superior  train  or  a  train  of 
the  same  class,  so  disabled  that  it  cannot  proceed  will  pass  it, 
if  practicable,  and  if  necessary  will  assume  the  schedule  and 
take  the  train  orders  of  the  disabled  train,  proceed  to  the  next 
open  telegraph  oflBce,  and  there  report  to  the .  The  dis- 
abled train  will  assume  the  schedule  and  take  the  train  orders 
of  the  last  train  with  which  it  has  exchanged,  and  will  when 
able  proceed  to  and  report  from  the  next  open  telegraph  office. 

95.  A  train  must  not  display  signals  for  a  following  section, 
nor  an  extra  train  be  run,  without  orders  from  the . 

96.  When  signals  displayed  for  a  section  are  taken  down 
at  any  point  before  that  section  arrives,  the  conductor  will, 
if  there  be  no  other  provision,  arrange  with  the  operator,  or  if 
there  be  no  operator,  with  the  switchtender,  or  in  the  absence 
of  both,  with  a  flagman  left  there  for  the  purpose,  to  notify 
all  opposing  trains  of  the  same  or  inferior  class  leaving  such 
point  that  the  section  for  which  the  signals  were  displayed  has 
not  arrived. 

97.  Work  extras  will  be  assigned  working  limits. 

98.  Trains  must  approach  the  end  of  double  track,  junctions, 
railroad  crossings  at  grade,  and  drawbridges,  prepared  to  stop, 
unless  the  switches  and  signals  are  right  and  the  track  is  clear. 
Where  required  by  law,  trains  must  stop. 

99.  When  a  train  stops  or  is  delayed,  under  circumstances 
in  which  it  may  be  overtaken  by  another  train,  the  flagman 
must  go  back  immediately  with  stop  signals  a  sufiicient  distance 
to  insure  full  protection.  When  recalled  he  may  return  to  his 
train,  first  placing  two  torpedoes  on  the  rail  when  the  condi- 
tions require  it. 

The  front  of  a  train  must  be  protected  in  the  same  way,  when 
necessary,  by  the . 

100.  When  the  flagman  goes  back  to  protect  the  rear  of  his 

train,  the must,  in  the  case  of  passenger  trains,  and 

the  next  brakeman  in  the  case  of  other  trains,  take  his  place 
on  the  train. 
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101.  If  a  train  should  part  while  in  motion,  trainmen  must, 
if  possible,  prevent  damage  to  the  detached  portions.  The 
signals  prescribed  by  Rules  12  (d)  and  14  (/)  must  be  given, 
and  the  front  portion  of  the  train  kept  in  motion  until  the 
detached  portion  is  stopped. 

The  front  portion  will  then  go  back,  to  recover  the  detached 
portion,  running  with  caution  and  following  a  flagman.  The 
detached  portion  must  not  be  moved  or  passed  until  the  front 
portion  comes  back. 

«  102.  When  cars  are  pushed  by  an  engine  (except  when 
shifting  and  making  up  trains  in  yards)  a  flagman  must  take  a 
conspicuous  position  on  the  front  of  the  leading  car  and  signal 
the  engineman  in  case  of  need. 

103.  Messages  or  orders  respecting  the  movement  of  trains 
or  the  condition  of  track  or  bridges  must  be  in  writing. 

104.  Switches  must  be  left  in  proper  position  after  having 
been  used.  Conductors  are  responsible  for  the  position  of  the 
switches  used  by  them  and  their  trainmen,  except  where  switch- 
tenders  are  stationed. 

A  switch  must  not  be  left  open  for  a  following  train  unless  in 
charge  of  a  trainman  of  such  train. 

105.  Both  conductors  and  enginemen  are  responsible  for  the' 
safety  of  their  trains  and,  under  conditions  not  provided  for  by 
the  rules,  must  take  every  precaution  for  their  protection. 

106.  In  all  cases  of  doubt  or  uncertainty  the  safe  course 
must  be  taken  and  no  risks  run. 


RULES  FOB  MOVEMENT  BY  TRAIN 

OBDEBS. 

201.  For  movements  not  provided  for  by  Time-table,  train 
orders  will  be  issued  by  authority  and  over  the  signature  of  the 

.     They  must  contain  neither  information  nor  instructions 

not  essential  to  such  movements. 

They  must  be  brief  and  clear;  in  the  prescribed  forms  when 
applicable;  and  without  erasure,  alteration  or  interlineation. 
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202.  Each  train  order  must  be  given  in  the  same  words  to 
all  persons  or  trains  addressed. 

203.  Train  orders  will  be  numbered  consecutively  each  day, 
beginning  with  No.  —  at  midnight 

204.  Train  orders  must  be  addressed  to  those  who  are  to 
execute  them,  naming  the  place  at  which  each  is  to  receive  his 
copy.  Those  for  a  train  must  be  addressed  to  the  conductor 
and  engineman,  and  also  to  any  one  who  acts  as  its  pilot.  A 
copy  for  each  person  addressed  must  be  supplied  by  the  operator. 

205.  Each  train  order  must  be  written  in  full  in  a  book 

provided  for  the  purpose  at  the  office  of  the ;  and  with  it 

recorded  the  names  of  those  who  have  signed  for  the  order; 
the  time  and  the  signals  which  show  when  and  from  what 
offices  the  order  was  repeated  and  the  responses  transmitted; 
and  the  train  dispatcher's  initials.  These  records  must  be 
made  at  once,  and  never  from  memory  or  memoranda. 

206.  Regular  trains  will  be  designated  in  train  orders  by 
their  numbers,  as  **No  10,'*  or  **2d  No  10,"  adding  engine 
numbers  if  desired;  extra  trains  by  engine  numbers,  as  ''Extra 
798,"  with  the  direction  when  necessary,  as  "East"  or  "West" 
Other  numbers  and  time  will  be  stated  in  figures  only. 

207.  To  transmit  a  train  order,  the  signal  "31"  or  the 
signal  "19"  must  be  given  to  each  office  addressed,  the  num- 
bi-r  of  copies  being  stated,  if  more  or  less  than  three — thus, 
"31  copy  6,"  or  "  19  copy  2." 

NoTKTo  Rule  207.— Where  forms  "31"  and  "19"  are  not  both  in 
use  the  signal  may  be  omitted. 

208.  A  train  order  to  be  sent  to  two  or  more  offices  must  be 
transmitted  simultaneously  to  as  many  of  them  as  practicable. 
The  several  addresses  must  be  in  the  order  of  superiority  of 
trains,  each  office  taking  its  proper  address.  When  not  sent 
simultaneously  to  all,  the  order  must  be  sent  first  to  the  supe- 
rior train. 

209.  Operators  receiving  train  orders  must  write  them  in 
manifold  during  transmission  and  if  they  cannot  at  one  writing 
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make  the  requisite  number  of  copies,  must  trace  others  from 
one  of  the  copies  first  made. 

210.  When  a  **31"  train  order  has  been  transmitted, 
operators  must  (unless  otherwise  directed)  repeat  it  at  once 
from  the  manifold  copy  in  the  succession  in  which  the  several 
offices  have  been  addressed,  and  then  write  the  time  of  repetition 
on  the  order.  Each  operator  receiving  the  order  should  observe 
whether  the  others  repeat  correctly. 

Those  to  whom  the  order  is  addressed,  except  enginemen, 
must  then  sign  it,  and  the  operator  will  'send  their  signatures 

preceded  by  the  number  of  the  order  to  the .    The  response 

''complete,'*  and  the  time,  with  the  initials  of  the ,  will 

then  be  given  by  the  train  dispatcher.  Each  operator  receiving 
this  response  will  then  write  on  each  copy  the  word  ' '  complete, ' ' 
the  time,  and  his  last  name  in  full,  and  then  deliver  a  copy  to 
each  person  addressed,  except  enginemen.  The  copy  for  each 
engineman  must  be  delivered  to  him  personally  by . 

Note  to  Rule  210. — ^The  blanks  in  the  above  rule  may  be  filled  for 
each  road  to  salt  its  own  requirements.  On  roads  where  the  signature 
of  the  engineman  is  desired,  the  words  '' except  enginemen,"  and  the 
last  sentence  in  the  second  paragraph  may  be  omitted.  If  preferred, 
each  person  receiving  an  order  may  be  required  to  read  it  aloud  to 
the  operator. 

211.  When  a  "  19  *'  train  order  has  been  transmitted,  opera- 
tors must  (unless  otherwise  directed)  repeat  it  at  once  from  the 
manifold  copy,  in  the  succession  in  which  the  several  offices 
have  been  addressed.  Each  operator  receiving  the  order  should 
observe  whether  the  others  repeat  correctly.  When  the  order 
has  been  repeated  correctly  by  an  operator,  the  response  ''com- 
plete," and  the  time,  with  the  initials  of  the ,  will  be 

given  by  the  train  dispatcher.  The  operator  receiving  this 
response  will  then  write  on  each  copy  the  word  "complete," 
the  time,  and  his  last  name  in  full,  and  personally  deliver  a 
copy  to  each  person  addressed  without  taking  his  signature. 

212.  A  train  order  may,  when  so  directed  by  the  train  dis- 
patcher, be  acknowledged  without  repeating,  by  the  operator 

responding:       "X; (Number  of  Train  order) ^^ 

(Train  Number) ^n  ^j^j^   ^j^^  operator's  initials    and 
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office  signal.     The  operator  must  then  write  on  the  order  his 
initials  and  the  time. 

213.  '^Complete*'  must  not  be  given  to  a  train  order  for 
delivery  to  an  inferior  train  until  the  order  has  been  repeated 
or  the  **X"  response  sent  by  the  operator  who  receives  the 
order  for  the  superior  train. 

214.  When  a  train  order  has  been  repeated  or  "X''  response 
sent,  and  before  "complete"  has  been  given,  the  order  must  be 
treated  as  a  holding  order  for  the  train  addressed,  but  must  not 
be  otherwise  acted  on  until  ** complete''  has  been  given. 

If  the  line  fails  before  an  office  has  repeated  an  order  or  has 
sent  the  **X"  response,  the  order  at  that  office  is  of  no  effect 
and  must  be  there  treated  as  if  it  had  not  been  sent 

215.  The  operator  who  receives  and  delivers  a  train  order 
must  preserve  the  lowest  copy. 

216.  For  train  orders  delivered  by  the  train  dispatcher,  the 
requirements  as  to  the  record  and  delivery  are  the  same  as  at 
other  points. 

Such  orders  shall  be  first  written  in  manifold,  so  as  to  leave 
an  impression  in  the  record  book,  from  which  transmission 
shall  be  made. 

217.  A  train  order  to  be  delivered  to  a  train  at  a  point  not  a 
telegraph  station,  or  at  one  at  which  the  telegraph  office  is  closed, 
must  be  addressed  to 


**  C.  and  E. {at ),  care  of- 


and  forwarded  and  delivered  by  the  conductor  or  other  person 
in  whose  care  it  is  addressed.  When  form  31  is  used 
''complete"  will  be  given  upon  the  signature  of  the  person  by 
whom  the  order  is  to  be  delivered,  who  must  be  supplied  with 
copies  for  the  conductor  and  engineman  addressed,  and  a  copy 
upon  which  he  shall  take  their  signatures.  This  copy  he  must 
deliver  to  the  first  operator  accessible,  who  must  preserve  it, 
and  at  once  transmit  the  signatures  of  the  conductor  and 
engineman  to  the  train  dispatcher. 

Orders  so  delivered  must  be  acted  on  as  if  ** complete"  had 
been  given  in  the  usual  way. 


68  TRAIN  RULES.  §11 

For  orders  which  are  sent,  in  the  manner  herein  provided,  to  a 
train,  the  superiority  of  which  is  thereby  restricted,  ''complete" 
must  not  be  given  to  an  inferior  train  until  the  signatures  of 
the  conductor  and  engineman  of  the  superior  train  has  been 
sent  to  the . 

218.  When  a  train  is  named  in  a  train  order,  all  its  sections 
are  included  unless  particular  sections  are  specified,  and  each 
section  included  must  have  copies  addressed  and  delivered 
to  it 

219.  Unless  otherwise  directed,  an  operator  must  not  repeat 
or  give  the  ''X"  response  to  a  train  order  for  a  train,  the  engine 
of  which  has  passed  his  train-order  signal,  until  he  has  ascer- 
tained that  the  conductor  and  engineman  have  been  notified 
that  he  has  orders  for  them. 

220.  Train  orders  once  in  effect  continue  so  until  fulfilled, 
superseded  or  annulled.  Any  part  of  an  order  specifying  a  par- 
ticular movement  may  be  either  superseded  or  annulled. 

Orders  held  by  or  issued  for  a  r^ular  train  become  void 
when  such  train  loses  both  right  and  class  as  provided  by  Rules 
4  and  82,  or  is  annulled. 

221  (A).  A  fixed  signal  must  be  used  at  each  train-order 
office,  which  shall  indicate  ''stop"  when  there  is  an  operator  on 
duty,  except  when  changed  to  "proceed"  to  allow  a  train  to 
pass  after  getting  train  orders,  or  for  which  there  are  no 
orders.  A  train  must  not  pass  the  signal  while  "stop"  is  indi- 
cated. The  signal  must  be  returned  to  "stop"  as  soon  as  a 
train  has  passed.  It  must  be  fastened  at  "proceed"  only  when 
no  operator  is  on  duty. 

Operators  must  have  the  proper  appliances  for  hand  signaling 
ready  for  immediate  use  if  the  fixed  signal  should  fail  to  work 
properly.  If  a  signal  is  not  displayed  at  a  night  office,  trains 
which  have  not  been  notified  must  stop  and  ascertain  the 
cause,  and  report  the  facts  to  the  '  from  the  next  open 
telegraph  office. 

Where  the  semaphore  is  used,  the  arm  indicates  "stop" 
when  horizontal  and  "  proceed  "  when  in  an  inclined  position. 
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NoTB  TO  Bulk  221  (A). — ^The  conditions  which  affect  trains  at  stations 
vary  so  much  that  it  Is  recommended  each  road  adopt  such  regulations 
supplementary  to  this  rule  as  may  best  suit  its  own  requirements. 

221  (B).  A  fixed  signal  must  be  used  at  each  train-order 
office,  which  shall  indicate  ^'stop''  when  trains  are  to  be 
stopped  for  train  orders.  When  there  are  no  orders  the  signal 
must  indicate  '^proceed." 

When  an  operator  receiyes  the  signal  "31,"  or  "19,"  he 
must  immediately  display  the  "stop  signal"  and  then  reply 
"stop  displayed " ;  and  until  the  orders  have  been  delivered  or 
annulled  the  signal  must  not  be  restored  to  "proceed."  While 
"stop"  is  indicated  trains  must  not  proceed  without  a  clear- 
ance card  (Form (A)). 

Operators  must  have  the  proper  appliances  for  hand  signaling 
ready  for  immediate  use  if  the  fixed  signal  should  fail  to  work 
properly.  If  a  signal  is  not  displayed  at  a  night  office,  trains 
which  have  not  been  notified  must  stop  and  ascertain  (he  cause, 

and  report  the  facts  to  the from  the  next  open  telegraph 

office. 

Where  the  semaphore  is  used,  the  arm  indicates  "stop" 
when  horizontal  and  "proceed"  when  in  an  inclined  position. 

NoTX  TO  RuLiB  221  (A)  AND  221  (B).— The  Committee  has  recom- 
mended two  forms  of  Kule  221,  leaving  it  discretionary  to  adopt  one 
or  both  of  these  forms  according  to  the  circumstances  of  the  traffic 

222.  Operators  will  promptly  record  and  report  to  the 

the  time  of  departure  of  all  trains  and  the  direction  of  extra 
trains.  They  will  record  the  time  of  arrival  of  trains  and  report 
it  when  so  directed. 

223.  The  following  signs  and  abbreviations  may  be  used: 
Initials  for  signature  of  the . 


Such  office  and  other  signals  as  are  arranged  by  the  — 

C  &  E — for  Conductor  and  Engineman. 

X — ^Train  will  be  held  until  order  is  made  "complete." 

Com — ^for  Complete. 

OS— Train  Report 

No — for  Number. 

Eng — for  Engine. 

Sec — ^for  Section. 
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Psgr — ^for  Passenger. 

Fit— for  Freight 

Mins — for  Minutes. 

Jet — ^for  Junction. 

Dispr — for  Train  Dispatcher. 

Opr — for  Operator. 

81  or  19 — to  clear  the   line  for  Train  Orders,  and  for 

Operators  to  ask  for  Train  Orders. 
SD— lor  •'Stop  Displayed." 
The  usual  abbreyiations  for  the  names  of  the  months  and 

stations. 

Gkneral  Notb. — ^Blanks  in  the  rules  may  be  filled  by  each  road  to 
suit  its  own  organisation  or  requirements. 


FORMS   or  TRAIN  ORDERS. 


FORM  A.     FTXINO  MKBTINO  POINTS  FOB  OPPOSENO  TRAINS. 

(1. )    will  meet at . 

(2.)    will  meet at at (and  so  on). 

EXAMPLES. 

(i. )    No  1  will  meet  No2  aJt  Bombay. 


No  S  will  m£et  iBd  No4  at  Siam. 


No  5  will  m^eet  Extra  95  al  Hong  Kong. 


Extra  652  North  will  meet  Extra  231  South  at  Yokohama 


(2, )  No  1  wiR  meet  No  2  al  Bombay  2d  No  4  at  Siam  and 
Extra  95  at  Hong  Kong, 

Trains  receiving  these  orders  will  run  with  respect  to  each 
other  to  the  designated  points  and  there  meet  in  the  manner 
provided  by  the  rules. 
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FORM  B.     DIRECTINO  A  TRATN  TO  PASS  OR  BITN  AHEAD  OF 

ANOTHER  TRAEX. 


(1. )     will  pass at . 

(2.)    will  pass when  overtaken. 

(3. )    will  run  ahead  of to 


(4. )    will  pass at and  run   ahead  of 

to . 

EXAMPLES. 

(i. )     Nol  wiU  pass  NoS  ai  Khartoum, 

{2. )     No  6  will  pass  No  4  when  overtaken. 

(S.)     Extra  594  ^^l  Tun  ahead  of  NoS  Bengal  to  Madras. 

(4. )  No  1  wili  pa>s8  No  3  at  Khartoum  and  run  ahead  of  No  7 
Madras  to  Bengal, 

When  under  (1)  a  train  is  to  pass  another  both  trains  will 
run  according  to  rule  to  the  designated  point  and  there  arrange 
for  the  rear  train  to  pass  promptly. 

Under  (2),  both  trains  will  run  according  to  rule  until  the 
second-named  train  is  overtaken  and  then  arrange  for  the  rear 
train  to  pass  promptly. 

Under  (3),  the  second-named  train  must  not  exceed  the 
speed  of  the  first-named  train  between  the  points  designated. 


FORM  C.     GIVTXO  A  TRAIN  THE  RIGHT  OVER  AN  OPPOSING 

TRAIN. 


has  right  over  — to 


EXAMPLES. 

(7. )     No  1  has  right  over  No  2  Mecca  to  MirbaL 
{2. )     Extra  S7  has  right  &ver  No  S  Natal  to  Ratlam. 

This  order  gives  the  train  first  named  the  right  over  the  other 
train  between  the  points  named. 

If  the  trains  meet  at  either  of  the  designated  points,  the 
first-named  train  must  take  the  siding,  unless  the  order  other- 
wise prescribes. 


72  TRAIN  RULES.  §11 

Under  (1),  if  the  second-named  train  reaches  the  point  last 
named  before  the  other  arrives,  it  may  proceed,  keeping  clear 
of  the  opposing  train  as  many  minuies  as  such  train  was  before 
required  to  clear  it  under  the  rules.  * 

If  the  second-named  train,  before  meeting,  reaches  a  point 
within  or  beyond  the  limits  named  in  the  order,  the  conductor 
must  stop  the  other  train  where  it  is  met  and  inform  it  of 
his  arrival. 

Under  (2),  the  regular  train  must  not  go  beyond  the  point 
last  named  until  the  extra  train  has  arrived. 

When  the  extra  train  has  reached  the  point  last  named  the 
order  is  fulfilled. 

The  following  modification  of  this  form  of  order  will  be 
applicable  for  giving  a  work  extra  the  right  over  all  trains  in 
case  of  emergency. 


(5. )     Work  extra has  right  aver  all  traina  between 

and  —  from  — ^—  m  to  — —  m. 


■XAMFLB. 


Work  Extra  J975  hoe  right  oner  aU  trains  betufeen  Stockholm  and 
Edinburg  from  7 pmto  12 midnight 

This  gives  the  work  extra  the  exclusive  right  between  the 
points  designated  between  the  times  named. 


FORM  I>.     OrVTNG   HEGITLAB   TRAINS   THB    BIGBT   OTXB 

QJYJSS  TRAIN. 

Regular  trains  have  right  over between  — >  and 

EXAMPLE. 

Regular  trains  have  right  over  No  1  between  Moscow  and  Berlin. 

This  order  gives  to  r^ular  trains  receiving  it  the  right  over  the 
train  named  in  the  order,  and  the  latter  must  clear  the  schedule 
times  of  all  regular  trains,  as  if  it  were  an  extra 
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irOBH   X.      TIMB   OKDBBS. 

(1.)  — 

-will  run late to •. 

(2.)    — 

-will  run late to and  — 

— late- 

— 

to— —etc. 

(3.)    — 

-  will  wait  at until for b 

'     KXAMPLES. 

(JT.)    No  1  vriUrwi20  mm  laAe  Joppa  to  Maim. 

(JB. )  No  1  will  nm  20  min  laie  Joppa  to  Mainz  and  16  min 
late  Mainz  to  Muscat  etc, 

(5. )    No  1  toiU  wait  at  Muacai  wntil  10  a  mfor  No  2. 

(1)  and  (2)  make  the  schedule  time  of  the  train  named, 
between  the  points  mentioned,  as  much  later  as  stated  in  the 
order,  and  any  other  train  receiving  the  order  is  required  to  run 
with  respect  to  this  later  time,  as  before  required  to  run  with 
respect  to  the  r^ular  schedule  time.  The  time  in  the  order 
should  be  such  as  can  be  easily  added  to  the  schedule  time. 

Under  (8),  the  train  first  named  must  not  pass  the  designated 
point  before  the  time  given,  unless  the  other  train  has  arrived. 
The  train  last  named  is  required  to  run  with  respect  to  the 
time  specified,  as  before  required  to  run  with  respect  to  the 
regular  schedule  time  of  the  train  first  named. 


XOBM   F.      FOB  SECTIONS. 

display  signals  — —  to  — —  for 

EXAMPLES. 

Bhig  20  wiU  display  rignab  and  run  aa  Ist  No  1  London  to 
Paris. 

No  1  will  display  signals  London  to  Dover  for  Eng  86, 

2d  No  1  mZI  display  signals  London  to  Dover  for  Eng  90. 

This  form  may  be  modified  as  follows: 

Engs  70  86  arid  90  wUl  rtm  as  1st  2d  and  Sd  No  1. 

Engs  70  86  and  90  wUl  run  as  1st  2d  and  3d  No  1  London  to 

DoVSTm 


74  TRAIN  RULES.  §11 

Under  these  examples  the  engine  last  named  will  not  display 
signals. 

For  annulling  a  section. 

Eng  85  in  annvJled  as  Sd  No  1  from  ChcUham. 

If  there  are  other  sections  following  add: 

fhUomng  sections  will  change  numbers  accordingly. 

The  character  of  a  train  for  which  signals  are  displayed  may 
be  stated.  Each  section  affected  by  the  order  must  have  copies, 
and  must  arrange  signals  accordingly. 


FORM  G.     KXTRA.  TRAIXS. 

( 1. )     Eng will  run  extra to . 

(  2. )     Eng will  run  extra to and  return  to . 

EXAMPLE. 

(7. )     Eng  99  iviU  run  extra  Berber  to  Oaaa. 

{2, )     Eng  99  will  run  extra  Berber  to  Oaza  and  return  to  Cabvl, 

A  train  receiving  this  order  is  not  required  to  protect  itself 
against  opposing  extras,  unless  directed  by  order  to  do  so,  but 
must  keep  clear  of  all  regular  trains,  as  required  by  rule. 

(3. )     Eng will  run  extra  leaving on as  follows 

with  right  over  all  trains: 

Leave . 

Arrive . 

EXAMPLE. 

(5. )  Eng  77  will  run  extra  leaving  Turin  on  Thursaay  Feb  17th 
as  follows  with  rigid  over  all  trains. 

Leave  Turin  11  SO  pm 

**     Pekinl2  25am 

"     CaiUon  1  4^  am 
Arrive  Rome  2  22  am 
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This  order  may  be  varied  by  specifying  the  kind  of  extra  and 
the  particular  trains  over  which  the  extra  shall  or  shall  not  have 
the  right.  Trains  over  which  the  extra  is  thus  given  the  right 
must  clear  the  time  of  the  extra minutes. 


FORM    H.      WORK    BXTRA. 

(1.)    Work  extra will  work imtil between 

and . 

EXAMPLES. 

(1.)  Work  extra  292  will  work  7am  wniH  6  pm  between 
Beme  and  Turin, 

The  working  limits  should  be  as  short  as  practicable,  to  be 
changed  as  the  progress  of  the  work  may  require.  The  above 
may  be  combined,  thus: 

(a. )  Work  extra  292  will  run  Beme  to  Turin  and  work  7  am 
until  6pm  between  Turin  a'nd  Rome, 

When  an  order  has  been  given  to  *^  work"  between  designated 
points,  no  other  extra  shall  be  authorized  to  run  over  that  part 
of  the  track  without  provision  for  passing  the  work  extra. 

When  it  is  anticipated  that  a  work  extra  may  be  where  it 
cannot  be  reached  for  orders,  it  may  be  directed  to  report  for 
orders  at  a  given  time  and  place,  or  an  order  may  be  given  that 
it  shall  clear  the  track  for  (or  protect  itself  after  a  certain  hour 
against)  a  designated  extra  by  adding  to  (1)  the  following 
words: 

(6. )  And  will  keep  clear  of  {or  protect  against)  Extra  22S  south 
between  Antwerp  and  Brussels  after  2  10  pm. 

In  this  case,  extra  223  must  not  pass  the  northernmost 
station  before  2  10  p.  m.,  at  which  time  the  work  extra  must  be 
out  of  the  way,  or  protected  (as  the  order  may  require)  between 
those  points. 

When  the  movement  of  an  extra  over  the  working  limits 
cannot  be  anticipated  by  these  or  other  orders  to  the  work  extra, 
an  order  must  be  given  to  such  extra,  to  protect  itself  against 
the  work  extra^  in  the  following  form: 
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(c. )  Extra  76  mU  protect  (gainst  work  extra  96  between  Lyons 
and  Paris. 

This  may  be  added  to  the  order  to  run  extra. 

A  work  extra  when  met  or  overtaken  by  an  extra  must 
allow  it  to  pass. 

When  it  is  desirable  that  a  work  extra  shall  at  all  times  pro- 
tect itself  while  on  working  limits^  it  may  be  done  by  adding 
to  (1)  the  following  words: 

(cL)    protecting its^. 

A  train  receiving  this  order  must^  whether  standing  or 
moving,  protect  itself  within  the  working  limits  in  both  direc- 
tions in  the  manner  provided  in. Rule  99. 

Whenever  an  extra  is  given  orders  to  run  over  working 
limits  it  must  at  the  same  time  be  given  a  copy  of  the  order 
sent  to  the  work  extra. 

To  enable  a  work  extra  to  work  upon  the  time  of  a  regular 
train,  the  following  form  may  be  used: 

(e. )  Work  Extra  2M  will  protect  against  No  55  between  Berne 
and  Turin, 

A  train  receiving  this  order  will  work  upon  the  time  of  the 
train  mentioned  in  the  order,  and  protect  itself  against  it  as 
provided  in  Rule  99. 

The  regular  train  receiving  this  order  must  run,  expecting  to 
find  the  work  extra  protecting  itself  within  the  limits  named. 


irOBM  J.    HOUSING  OKDBB. 

Hold at . 

EXAMPLES. 

(i.)    HM  No  2  at  Berlin. 

{2. )    Hold  aU  eastbound  trains  at  Berlin. 

This  order  will  be  addressed  to  the  operator  and  acknowl- 
edged in  the  usual  manner.  It  must  be  respected  by  conduct- 
ors and  enginemen  of  trains  thereby  directed  to  be  held  as  if 
addressed  to  them. 


§11  TRAIN  RULES.  77 

When  a  train  has  been  so  held  it  must  not  proceed  until  the 
order  to  hold  is  annulled,  or  an  order  given  to  the  operator  in 
the  form: 

" may  go.^^ 

Form  J  will  only  be  used  when  necessary  to  hold  trains 
until  orders  can  be  given,  or  in  case  of  emergency. 


FORM  K.     ANNHLUNG  A  REOITIiAB  TRAIN. 

(1. )    of is  annulled to 

(2.)    due  to  leave is  annulled to . 

EXAMPLES. 

(i. )    No  1  of  Feb  ^9th  is  annulled  Alaska  to  Halifax. 

{2, )  No  S  due  to  leave  Naples  Saturday  Feb  S9th  is  annulled 
Alaska  to  Halifax. 

The  train  annulled  loses  both  right  and  class  between  the 
poin1»  named  and  must  not  be  restored  under  its  original 
number  between  those  points. 


iroBM  jj.    AJsnsnjiAAso  an  order. 
"  Order  No is  annulled.'' 

If  an  order  that  is  to  be  annulled  has  not  been  delivered  to  a 
train,  the  annulling  order  will  be  addressed  to  the  operator, 
who  will  destroy  all  copies  of  the  order  annulled  but  his  own, 
and  write  on  that: 


Annulled  by  order  No 


EXAMPLE. 

Order  No  10  is  annulled. 

An  order  that  has  been  annulled  must  not  be  reissued  under 
its  original  number. 

In  the  address  of  an  order  annulling  another  order,  the  train 
first  named  must  be  that  to  which  right  was  given  by  the  order 
annulled,  and  when  the  order  is  not  transmitted  simultaneously 
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to  all  concerned,  it  must  be  first  sent  to  the  point  at  which  that 
train  is  to  receive  it  and  the  required  response  made,  before  the 
order  is  sent  for  other  trains. 


FORM  M.  ANNiriiUNG  PABT  OF  AS   OBDEB. 

That  part  of  Order  No reading is  annulled, 

EXAHPLB. 

TJiat  part  of  Order  No  10  reading  No  1  wiU  meet  No  2  at  Sparta 
is  anniUled. 

In  the  address  of  an  order  annulling  a  part  of  an  order,  the 
train  first  named  must  be  that  to  which  right  was  given  by  the 
part  annulled,  and  when  the  order  is  not  transmitted  simul- 
taneously to  all  concerned,  it  must  be  first  sent  to  the  point  at 
which  that  train  is  to  receive  it,  and  the  required  response 
made,  before  the  order  is  sent  for  other  trains. 


FORM  P.  SUPERSEDIXG  AN  ORDER  OR  A  PART  OF  AX  ORDER. 

This  order  will  be  given  by  adding  to  prescribed  forms,  the 
words  **  instead  of ." 


(1. ) will  meet at instead  of 

(2.)    has  right  over to instead  of . 

(3.)    will   display  signals   for  to  

instead  of . 

EXAMPLES. 

(i. )    No  1  mU  meet  No  1^  at  Hong  Kong  instead  of  Bombay. 

(2.)    No  1  has  right  over  No  2  Mecca  to  Medina  instead  of 

Mirbat, 

{S. )     No  1  wiU  display  signals  for  Eng  86  Astrakhan  to  Teheran 
instead  of  Cabxd, 

An  order  that  has  been  superseded  must  not  be  reissued  under 
its  original  number. 
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In  the  address  of  a  Superseding  order,  the  train  first  named 
must  be  that  to  which  right  was  given  by  the  order  superseded, 
and  when  the  order  is  not  transmitted  simultaneously  to  all  con- 
cerned, it  must  be  first  sent  to  the  point  at  which  that  train  is 
to  receive  it,  and  the  required  response  made,  before  the  order 
is  sent  for  other  trains. 
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STANDARD   TRAIN  < 

3RI>£R  BUiNK  FOR  81  ORDER. 

FORM 

81 

FORM 

31 

^^L.^ COMPANY. 

TRAIN  ORDER  No '•  „. 

Man*  tr   19  to 

!•  ... 

Statiti. 

• 

X 

(iBJttata.)                 0 

., .                                  la^M 

Conductor  and  BofinoinAii  must  both  havo  a  copy  of  this  order. 

RtptaM        tt          <»*■. 

Condvctor 

Jouf* 

Enfinoaaa 

Trail 

■•do 

TIM 

Opr. 

BravB                 45 

Complete 

SIOA.M. 

Black 

(Omit 

this  column 

—   _    — 

where 

engineman 

is  not 

required 

to  sign.) 
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8TAin>ARD  TRAIN  ORDER  BliANK  FOR  IS  ORDER. 


FOBM 

19 


(VAMM.) 

TRAIN  ORDEB  Na * 


COMPANY. 


Marahtl    19  tO 


To. 
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